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PREFACE

The present volume is the third of a series of reperts dealing with
the systematic geology and paleontology of Maryland. The first and
sccond volumes of the serics were devoted to discussions of the Eocene
and Miocene deposits while the present volume comprises a discussion
of the next younger geological formations known as the Pliocene and
Pleistocene. The publication of this report will complete the geological
history of the youngest of the major divisions of geologic time, the
Cenozoic, extending from the end of the Cretaccous to the present. Sev-
eral other reports on the systematic geology of the State are well under
way. It is not the intention to issue these volumes in geologic sequence
but according to the progress of the work. Each volume is a unit in
itsclf and represents a monographic study of a portion of the geological
column as it is developed in Maryland.

Maryland, considering its limited area, contains a remarkably com-
plete sequence of geological formations representing nearly every horizon
from the Archean to the Pleistocene although these vary greatly in thick-
ness and in the completeness of the faunas and floras which they contain.
Moreover, the situation of Maryland, extending from the low-lying
Eastern Shore to the Continental divide in Garrett county, makes any
study of its geological conditions a mecans of assistance to students in
contiguous States along the Atlantic Coast.

These reports when completed will give to the geologist and gencral
reader a comprehensive view of the geological vicissitudes through which
Maryland has passed from the earliest geological period to the present,
and to the scientific investigator in ncarby arcas a reference or classic
locality in which the general problems have been worked out.

The Pliocene and Pleistocene formations, to the elucidation of which
the volume is devoted, have had a potent influence in determining the
surface configurations and soils of Maryland. They are the youngest
formations usually considered by geologists and the physiographic and

2



18 PREFACE

paleontologic records of their history have been only slightly obscured
by succeeding events. The deposits of the earlier or Pliocene formation
re devoid of organic remains, but the same is not true of the Pleistocene.
Not many truly marine species have heretofore been found in the
Pleistocene deposits along the Atlantic Coast-and few, compared with
the abundant faunas of the Kocene and Miocene, have been found in
Maryland. The investigations of the Survey during a term of years
have brought to light several fossil-bcaring localities in which the fauna
is marine. Elsewhere within the State terrestrial animals and plants
have been found giving a diversified fauna and flora to these deposits.

The Pliocene and Pleistocene deposits of Maryland have been studied
for many years by the author of this paper although very little has been
published hitherto regarding the subject. Three folios have been pre-
pared for the U. S. Geological Survey by the author and his associates
in which the Pliocene and Pleistocene deposits have received extensive
treatment.

Dr. B. L. Miller, who has been associated with Dr. Shattuck for many
years in a study of the Pliocene and Pleistocene formations, is the author
of the Dover folio and also the associate of Dr. Shattuck in the prepara-
tion of the Patuxent and St. Mary’s folios and has more recently extended
the study of these formations into Virginia and North Carolina.

The paleontological studies have been conducted by several investi-
gators. The Mammalia have been studied by Dr. F. A. Lucas of the
Brooklyn Academy of Arts and Sciences; the Reptilia by Dr. O. . Hay
of the American Museum of Natural History; the Insceta by Dr. E. H.
Sellards of the University of Florida; the Crustacea, Mollusca, Coelen-
terata and Protozoa by Dr. William Bullock Clark, State Geologist; the
Bryozoa by Dr. E. O. Ulrich of the U. 8. Geological Survey and the
Plantae by Dr. Arthur Hollick of the New York Botanical Garden. Mr.
Paul Bartsch of the Smithsonian Institution has made a very exhaustive
study of the Pyramidellidee from the Maryland Quaternary and Tertiary
deposits in connection with his studies of this family and the results of
his work have been incorporated not only in the Miocene but in the pres-
eat report.

The State Geological Survey desires to express its thanks for the aid
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whieh has been rendered by the several experts who have eontributed to
this volume, also to the U. 8. Geologieal Survey and the U. S. National
Museum. Many important suggestions have also been received from
Dr. W. H. Dall of the latter institution. A large number of the draw-
ings with whieh the report is illustrated were prepared by the late
Dr. J. C. MeConnell, and like all of his work, are unrivalled in the field
of paleontologieal illustration.
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THE PLIOCENE AND PLEISTOCENE
DEPOSITS OF MARYLAND.

BY
GEORGE BURBANK SHATTUCK.

INTRODUCTION.

Geographers have long reeognized three physiographie regions within
the Middle Atlantic slope. They are known, beginning on the west, as
the Appalachian Mountains, the Piedmont Platecau, and the Coastal
Plain. While cach one of these regions has its own peculiar topographie
characteristics, they nevertheless, pass into each other with insensible
gradations. The Appalachian Mountain region is composel of flat-
topped ridges separatel by dcep, steep-sided and flat-hottomed valleys.
The Piedmont Plateau exhibits a rolling surface which along its eastern
margin is disseeted by deep river gorges. The Coastal Plain, although
built up of terraeces, has also developed a rolling topography along its
western margin where it blends with the Piedmont Plateau, but through-
out most of its eastern half it is as flat and featureless as the noted plain
regions of the West.

The Appalachian region has been carved from folded beds of lime-
stone, shale, and sandstone. The Piedmont Platean eonsists of metamor-
phosed sediments into whiech have bee. intercalated great areas of igneous
rocks, while the Coastal Plain is made up of unconsolidated sediments
composed of elay, marl, sand, and gravel which have been derived in a
large measure from the older land surfaces to the west. The Plioeene
and Pleistocene deposits are almost exclusively confined to this Coastal
Plain region although they lap up on the eastern margin of the Pied-
mont Plateau and are represented in the Appalachian Mountain region

by accumulations of sand and gravel along the rivers.




21 THE PLIOCENE AND PLEISTOCENE DEPOSITS OF MARYLAND

The deposits of the Appalachian Mountain and Piedmont Plateau
regions are very ancient, extending from Arehaean down through
Paleozoic to early Mesozoic and, as stated above, are all consolidated.
The deposits of the Coastal Plain, on the contrary, are much younger.
Their oldest formations do not date baek further than the Jurassic period
and their youngest beds are now in the proeess of deposition. They are
all uneonsolidated with the exception of a few ledges which are of loeal
and subordinate importance. = 'The Pliocene and Pleistoecue beds whiel
are among the latest of the Coastal Plain deposits are developed as a
scries of terraces lying one above the other and eovering the entire
Coastal Plain as a mantle, exeept along certain of the drainage lines
where the rivers have sueceeded in partially stripping them away and
revealing the older beds beneath. It is to the study of this surficial mantle
of elays, loams, sands, and gravels that this monograph is especially
devoted.

Although fossils are not wanting in the Pleistoeene deposits of Mary-
land, yet they are not uniformly distributed, but are confined to a few
localities whieh are grouped for the most part nmear the margin of
Chesapeake Bay and its estuaries. It is, therefore, impossible to rely on
fossil evidence alone for the correlation of the various formations, and
although this line of evidence has been used whenever available, it has
been found more helpful to employ the eriteria of topography than that
of paleontology. This is correlation by what McGee has called the
method of “homogeny.”

I'rom the bottom to the top of the Coastal Plain deposits of Maryland,
the formations are separated by a large number of unconformities.
Studies whicli have been prosecuted by those who have worked in this
region have shown that the eastern border of North America has been
alternately below water reeeiving deposits and above sea level undergoing
erosion. 'This uncasiness of the sea margin exhibited throughout Meso-
zoic and early Cenozoic time is still more manifest and striking through
later Cenozoic and Recent time. Among the most interesting discoveries
which have come to light in prosccuting the work on the surficial deposits
is the undoubted oscillations of the land border. These results have an

important hearing on the theory of isostasy.
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HistoricaL REvIEW.

During the summer of 1608, nearly three hundred years ago, Captain
John Smith made his memorable voyage of discovery in Chesapcake Bay.
Of the long line of adventurers, explorers, and geologists who have
traversed this region in search of information, he was the first. It is
with great interest, then, that we turn to Smith’s narrative for the earlicst
published observations on the Coastal Plain of Maryland.

“'The mountains are of divers natures: for at the head of the Bay
the rockes are of a composition like Mill stones. Some of Marble, &e.
And many pceces like Christall we found, as throwne downe by water
from those mountaines. For in Winter they are covered with much
snow, and when it dissolveth the waters fall with such violence, that it
causeth great inundations in some narro valleys, which is searce per-
ceived being once in the rivers. These waters wash from the rocks such
glitering tinctures, that the ground in some places seemeth as guilded,
where both the rocks and the earth are so splendent to behold, that betier
judgements than ours might have been perswaded, they contained more
than probabilities. The vesture of the earth in most places doth mani-
festly proue the nature of the soyle to be lusty and very rich. The eolour
of the earth we found in diverse places, resembleth bole Armoniac, terra
sigillata ad Lemnia, Fullers carth, Marle, and divers other such appear-
ances. But generally for the most part it is a blacke sandy mould, in
some plaees a fat slimy clay, in other places a very barrcn gravell. But
the best ground is knowne by the vesture it beareth, as by the greatnesse
of trees, or abundance of weedes, &e.”

With these meager notes which were not published until 1612-14,
Smith summarized practically all he had to say of the geology of the
region, but from this statement as a nucleus our knowledge has grown
year by year until, after the lapsc of nearly three centuries, we are not
only familiar with the various deposits, their origin and distribution,
hut are also able to explain the more important conditions under which
they were formed.

A far more important eontribution was the map of Chesapeake Bay
and vieinity whieh Smith exeeuted with remarkable accuraey, eonsidering
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the means and time at his disposal. This map was employed by ex-
plorers and colonists for many years, and although the carliest, was
superior to many other maps which appeared later.

Almost one hundred years elapsed after the publication of Smith’s
narrative beforc naturalists turned their attention toward the deposits of
the Coastal Plain. This long delay in studying the geology of tide-
water Maryland was doubtless due to the lack of precious metals through-
out the region as well as to the great difficulty encountered in thoroughly
exploring a country which was only partially settled. When interest
was finally aroused, it centered about the deposits of iron-bearing clays
on the one hand and the fossil-bearing marls on the other, so that the
surficial cover of gravel and sand was either erroncously interpreted or
neglected altogether. Of all the Coastal Plain deposits it has been the
last to receive minute systematie study.

After the publication of Smith’s narrative, the first paper to appear
bearing on the geology of the Coastal Plain was by Silvain Godon in
1809. When he made this contribution, none of the various Coastal
Plain formations had been recognized, but all the unconsolidated
materials lying between the castern margin of the Piedmont Plateau
on the west and the Atlantic Ocean on the cast were thought to belong
to one great deposit. This Godon called “alluvion soil,” applying his
deseription to that portion of the Coastal Plain which lies between
Baltimore and Washington. He further said that “ Washington City is
built on alluvial land.”

In the same year William Maclure published a paper which may be
considered as truly classic. Tis studies embraced a wider sphere of
observation than did those of his predceessor, for in the colored geological
map which accompanies his publication he ineludes all the eastern por-
tion of the United States. The great major divisions, such as the uncon-
solidated deposits of the Coastal Plain, the crystalline rocks of the
Picdmont Plateau, and the folded sedimentaries of the Appalachian
mountain system, arc recognized on his map, but the individual forma-
tions which make up these various physiographie regions are not
recognized in much detail. In treating of the Coastal Plain, he has not
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added materially to the observations of Godon other than to show the
distribution of the “ Alluvial.” This paper was re-printed, in substance
at least, in various periodicals in 1811, 1817, 1818, and 1826. Maeclure’s
views scem to have attracted considerable attention at the time for they
were discussed in 1820 by Hayden in his famous “ Geological Kssays,”
and again by Parker Cleaveland in his treatise on Mineralogy and
Geology in 1822. Hayden attempted to show, in his Geological Essays
just mentioned, that the “ Alluvial” was deposited by a great flood
which came down from the north and crossed North America from the
northeast to southwest.

Professor John Finch, an Inglishman who happened to be travelling
in America at about the time that Hayden and Cleaveland were
publishing their views, visited the Coastal Plain of Maryland and
collected extensively from the fossil beds in which he took great interest.
On returning to Europe he published a most entertaining account of his
geological experiences and drew some interesting conclusions based on
his ficld observations. In a publication which appeared in 1824, Finch
took cxception to the classification proposcd by his predecessors. He
believed that the deposits which they had thought to be one, and had
grouped under the term “ Alluvial ” were really more complex. He
regarded them as contemporancous with the Lower Secondary and
Tertiary of Europe, Iccland, Egypt, and Hindostan, but he went even
further than this and subdivided the “ Alluvial ” into Ferruginous Saud
and Plastic Clay. The Ferruginous Sand corresponds, at least in part,
to the Lafayette and Columbia deposits of our present classification.
Finch also obscrved the huge boulders which are so ecommon throughout
the Columbia deposits. They confirmed him in the belief that the
Ferruginous Sand was deposited during a cataclasmal upheaval by great
floods from the north and northwest. His words in this connection are
intercsting. “After the production of these regular strata of sand, clay,
limestone, ete. [Tertiary of Finch, G. B. S.], came a terrible eruption of
water from the north or northwest which in many places covered the
preceding formations with ‘diluvial’ gravel and carried along with it
those immense masses of granite and older rocks which attest to the
present day the destruction and ruin of a former world.”
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Four years later Vanuxem and Morton undertook a more detailed
division of the Coastal Plain deposits. They distinguished four horizons
which they called Secondary, Tertiary, Aneient Alluvial, and Modern
Alluvial. Their descriptions are vaguc and as few localities are given,
it is difficult to understand exactly what limits they intended to give to
their various deposits. However, it is quite certain that their Ancient
and Modern Alluvial was intended to embrace, at least in part, what is
to-day known as Lafayette, Columbia, and Recent. This conclusion is
borne out by the significant statement made by them that “ bones of the
mammoth, and other mammiferous terrenc quadrupeds found in this
region, belong to the two Alluvials.”

In 1830 Conrad began the publication of his interesting and important
series of papers on the organic remains of the Maryland Coastal Plain.
In the first onc of these he called attention to the “ diluvial ” deposit
of sand and gravel which covers the peninsulas of Maryland and excludes
from view the underlying formations cxcept where they are cxposed in
ravines. He made no attempt to sub-divide this “diluvial,” but was
attracted by the fossil horizons at Wailes Bluff ncar Cornfield Harbor,
whieh he apparently thought distinet in age from the overlying gravels.
Conrad’s account of this scction was so accurate that there is no difficulty
in recognizing the locality and little need be added to his original de-
seription. e made a sharp distinction between the fossil-bearing clays
below and the unfossiliferous cross-bedded gravel and sand above. He
also drew attention to the fact that the fossils had a very recent aspect
and many of them were identieal with' living forms inhabiting the
shore of the United States, and as they were “sub-fossilized,” they
resembled some of the more recent formations of the West Indies. Two
years later Conrad made an attempt to sub-divide the surficial deposits
which he had previously designated by the gemeral term “diluvial.”
He separated them into “ Diluvium ” which he described as coinposed of
sand, clay, and rounded fragments of rock containing remains of large
quadrupeds and deposited without order or arrangement by violent
currents. He correlated it with the Gravier coquillier or Crag. The
more modern aspects of the surficial cover lie called “ Alluvial” and
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defined it as “all deposits derived from causes now in operation,” such
as accumulations of mud along river courses, drifting sand, peat-bogs, ete.
A few years later, in 1839, he came to the conclusion that the huge
angular blocks in the “ Diluvial ” were transported and deposited there
by glaciers or icebergs.

While Conrad was still engaged in studying the Coastal Plain forma-
tions, Ducatel and Alexander began the publication of a series of State
reports which covered the period between 1834 and 1839.  Alexander was
engaged in the enginecring phases of the work, while Ducatel devoted his
time to geological investigations. As his attention was directed more to
the economic side of geology, he gave Lis efforts to the iron ore-bearing
clays of the Potomac beds and the shell and marl deposits of the Tertiary
formations, and paid little attention to the overlying surficial deposits of
loam, sand, and gravel. He, therefore, added very little to the knowledge
which was current at that time, but regarded the entire mantle as
“diluvial,” in this respect following strictly in the footsteps of his
predecessors.

Five years later 1. D. Rogers, in an address dclivered at the meeting
of the Association of Amecrican Geologists and Naturalists, referred
briefly to the fossiliferous deposits at Cornfield Harbor (Wailes Bluff).
He believed them to be either post-Pliocene or Pleistocene and drew
attention to the fact that they contained certain forms which at the
present day inhabit warmer waters. He suggested that this change
of climate might be due to a change in the course of the Gulf Stream
or to an incursion of a current of icy water from the north or to “ sonie
more inscrutable agency.”

After this discussion of Rogers, nothing more seems to have been
contributed on the question until Desor, eight years later, referred once
more to the deposits at Wailes Bluff. He gave a list of the fossils
from this locality as determined by Conrad and concluded with Rogers
that the beds were of post-Pliocene age and correlated them with the
Laurentian quaternary of the north. In regard to the boulders found
scattered over the surface, he believed them to have been floated down
the Potomac on icebergs. When Tyson referred to the surficial deposits
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in 1860, he was more guarded in his statements. He thought them,
at least in part, post-Tertiary, and eoncluded that the materials out of
which they were built must have been transported from the north and
west. Seventeen years later W. B. Rogers referred to the gravel and
cobble-stone deposits of the Middle Atlantie States and added consider-
ably to the observations of earlier geologists, in that he recognized in these
surfieial deposits about Richmond, Washington, Baltimore, and Wil-
mington materials derived from the Paleozoic formations to the west.
He concluded that these were brought down by the present streams when
the land stood lower and the rivers were flooded toward their headwaters
by the melting ice of glaciers. He thus correlated these deposits with the
glacial period.

The next year Stevenson referred to the terraces developed along the
river courses of western Maryland and suggested that they were cut at
about the time of the glacial epoch. Three years later, in 1881, Lewis,
working down into Maryland from the north, recognized his Bryn Mawr
gravels on a hill near Elkton. Many of the hills which surround Elkton
are capped with Lafayette gravel, the equivalent of the Bryn Mawr,
while some are covered with younger deposits. As no name is given
to the particular hilltop on which the supposed Bryn Mawr gravels
were found, it cannot be determined at the present time whether Lewis
actually discovered Bryn Mawr gravels or whether he confused it with
one of the later deposits of the Columbia group.

In 1884 and 1885 Chester of Dela\\"are contributed two interesting
papers on the age and origin of the surficial formations. He divided
them into a high level or Bryn Mawr gravel which he considered as
possible Cretaceous, and Delaware gravels in which he reeognized two
phases, the red sand and Philadelphia brick elay, which he considered
contemporaneous and of Quaternary age. Next he distinguished E.stuary
sands which he also placed in the Quaternary and bog clay which he
believed to be “Modern.” Most of Chester’s remarks refer to the State
of Delaware, but he spent considerable time in studying the gravel deposits
as they are developed about the head of Chesapeake Bay in Maryland.

He concluded that the region must have been depressed at least 350 feet
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and that the deposit of gravel, sand, and loam now found in Ceeil county
was brought in by the flooded waters of the Delaware and re-worked by
the waves of the Atlantic Ocean. He, therefore, makes the gravels which
cover the hilltops and rest in the valleys of Ceeil county of one age.
He also regards the deposits around Snow Hill, Maryland, as belonging
to his Estuary sand epoch. While Chester was publishing the results of
his studies, W. B. Rogers made an interesting suggcstion in that he
pointed out that there was evidence of an ancient coast line along the
contact between the Piedmont and Coastal Plain regions or approximately
in the position of what we now know as the “fall line.” Chester had
the same year, 1884, attempted to establish the shore line of the ancient
sea whieh deposited the gravels in Cecil county and had gone so far as to
construct a map showing the distribution of the gravels. As he made all
the gravels of one age, he was obliged to seek his shore line near the
western margin of the highest of the gravel series and, thercfore, was
attempting to discover the shore line of the Lafayette sea. Rogers, on the
other hand, was referring to a shore line which was of much later age,
belonging well within the Pleistocene period. These two references are
most interesting as they are the first suggestions in literature of shore
lines in the Coastal Plain deposits.

While Chester was at work on the surficial deposits along the north-
ern border of Maryland, Professor W J McGee had been studying the
same formations farther to the south. Tis ficld of observation was
much wider than that of Chester and although many of the conelusions
at which he arrived have been niodified by later study, yet it must be
remembered that McGee laid the foundation for future work and prose-
cuted his studies wholly without the aid of contour maps which are
so cssential and indispensable in unravelling the various formations of
the Lafayette and Columbia groups. McGee announced the results of
his investigations in a series of articles which appeared between the
years 1886 and 1889. As they, in a large measure, depend one on the
other, they will not be considered separately, but his general conclusions
will e disenssed as a whole. According to McGee the Lafayette formation,

which was described as a series of orange-eolored loams, sands, and
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gravels, extended up from the south and oecupied the divides and higher
portions of the Coastal Plain of Virginia as far north as Fredericksburg.
It was not recognized in Maryland. Distinet from these deposits both in
origin and age was another series of loams, sands, and gravels which
MecGee designated as the Columbia formation. These filled the valleys of
the present streams and eovered the divides between them. This forma-
tion was divided into two phases, fluvial and inter-fluvial. The fluvial
phase was eomposed of deltas whieh were deposited under water by those
streams in whose valleys they now lie, when the land stood lower than it
‘does at the present time. The inter-fluvial phase was developed on the
divides and was a littoral deposit made by the waves which beat against
the eoast at the same time the rivers were building their deltas. The two
phases were, therefore, contemporancous and graded over into onc an-
other. The fluvial phase exhibited a distinet bi-partite division. The
upper member eonsisted of a brieck-elay and loam, and the lower member
was eomposed of sand, gravel, and huge boulders. The material as a
whole was eoarser near the mouths of the gorges where the rivers leave
the Piedmont Plateau to pass into the Coastal Plain than in the more
remote portions of the deltas. The inter-fluvial phase possessed no such
regularity of bedding, but was indiseriminately composed of elay, sand,
and gravel largely of local origin. These delta deposits were identified
in all the principal rivers of the Middle Atlantie slope and were found
particularly well developed in the valleys of the Potomae, Susquehanna,
and Delaware. Due to the preseneec of these huge boulders, which
were evidently ice-borne and indieated a climate much colder than exists
to-day in the same region, as well as to the fact that the Columbia, when
traced northward, was found to pass under the terminal moraine, McGee
concluded that it was Quaternary in age and belonged to the earlier
glacial advance. These beds, since their deposition, have been raised and
tilted so that they now lie higher in the regions to the north than they do
farther south. Their present elevation was found to be about 500 feet
on the upper Susquehanna and 245 feet at its mouth; 400 feet on the
upper Delaware; 145 feet on the Potomac; 125 feet on the Rappahan-
nock; 100 feet on the James, and 75 feet on the Roanoke. MeGee also
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16, 1. —VIEW FROM BALTIMORE AND 01110 RAILROAD BRIDGE, SUSQUEIIANNA RIVER,
LOOKING EAST, SHOWING SKY-LINE OF LAFAYETTE SURFACE ON THE HIGHLANDS OF ELK
NECK, CECIL COUNTY,

FI1G6. 2—VIEW SIIOWING SECTION OF LAFAYETTE FORMATION, CATONSVILLE, BALTIMORE
COUNTY.
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noted certain well-defined terraces whieh were distributed over the entire
region, and spoke of them as follows:

“There is a practically continuous series of terraces and beach narks
along the fall line from the Roanoke to the terminal moraine—a series
of shere lines as distinetive and unmistakable as those eircumscribing the
valleys of the extinet lakes of the Great Basin, of India, of northern
Arabia, or of the partially ice-bound basins of Minnesota, Michigan,
Ohio, and New York, though they are generally more profoundly modified
by erosion and are frequently econcealed by forests. These shore lines
embody an easily interpreted record of geologie vieissitude which coin-
cides in every detail with that of the Columbia deposits. They are
sometimes carved out of the sub-terrane, but are generally built of the
loam, sand, and gravel of whieh the Columbia formation consists and
are evidently coeval therewith. Now it is evident that these terraces are
water fashioned; bnut they are not fluvial. . . . . The forces conecerned
in the formation of the Middle Atlantic slope terraces acted horizontally
over great distances and with uniform energy for a considerable period,
filling depressions, softening contours, and obliterating relief, yet so
gently that essential homogeneity of deposit in the horizontal direction
and essential uniformity in surface prevails for miles. Only the un-
dulatory and horizontally acting force of waves appears competent to
prodnce so great expanses of uniform surface and constant structure as
are exliibited in this region.”’

A summary of McGee’s views regarding the various land movements as
expressed by the present state of the Tafayette and Columbia deposits
is as follows:

Post-Chesapeake ............c0c000en elevation and erosion.

Lafayette (Pliocene?) .............. depression and deposition.

Post-Lafayette ...................... elevation and erosion of at least 500
feet; present topography defined.

Early Columbia (Pleistocene)......... depression of about 200 feet and depo-
sition.

Post-Harly Columbia ................ elevation and erosion.

Later Columbia ...........ccovvevennn depression of atout 100 feet and depo-
sition.

1 Amer. Jour. Sci., vol. xxxv, 188S, pp. 387-388.
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Post-Later Columbia elevation and erosion.
Present depression and deposition.

N. H. Darton took up the investigation of the surficial deposits at
the point where McGee left them. His publications on this subject began
in 1891 and extended down to 1901. During these few years Darton
added greatly to our knowledge of the Lafayette and Columbia deposits
although some of his conclusions have since been modified by other
workers. The general results of his investigations may be summarized

as follows:

According to Darton, the Lafayette formation does not cnd at Fred-

ericksburg, but crosses Maryland, Delaware, and Pennsylvania into New
Jersey in disconnected areas. In discussing this he said: “ The north-
ern termination of the deposits was supposed to be near Potomac creck,
a few miles north of Fredericksburg; but I have found that while there
is a break in its continuity in the region east of the Potomac river, it soon
begins again and thence continues northward probably through Maryland,
and in attenuated scattered outerops, through Delaware and into Penn-
sylvania and New Jersey. Tt is displayed in the high terraces about
Washington, and it caps nearly all the higher terrace levels of the
“ Western shore” of Maryland northward to the latitude of Baltimore.
Still farther northward it is comfined to outlicrs on the divides along
the western margin of the eoastal-plain region; but at the head of
(Chesapeake Bay it extends farther eastward and, in the high Elkridge,

caps the (retaccous and Potomac formations over a considerable area.””

The Lafayette was also deseribed as continuing down the peninsula
of the Coastal Plain. In this connection he said: “1 have found that
the formation extends eastward down the coastal plain peninsulas nearly
to Chesapeake Bay. These peninsulas consist of remnants of an clevated
plain, occupied by a sheet of Lafayette deposits, and originally con-
tinnous over the entire coastal plain. This plain is inclined gently
castward, its altitude decreasing from 500 feet in the Piedmont region,
to from 60 to 80 fect in the vicinity of Chesapeake Bay, where it is

*Bull. Geol. Soc. Amer., vol. ii, 1891, p. 445.
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terminated by an abrupt deseent to the low Pleistocene terrace bordering
the bay to a width of several miles.”*

The Columbia of MeGee was found by Darton to be divisible into an
carlier and a later member, which were developed in well-defined terraces,
the former lying normally above the latter. The land surfaces upon which
the Lafayette and Columbia terraeces were deposited were raised and tilted
at various times in such a manner that only in that part of the Coastal
Plain which lies near the Piedmont was the normal sequence present,
while in that portion bordering on Chesapeake Bay the normal sequence
was reversed. This state of things was brought about in the following
way: At the close of the Lafavette deposition, the surface on which that
formation rested was raised and tilted so as to slope castward toward the
sea, and after suffering considerable erosion, it was depressed in such
a manner that its eastern portion was submerged while its western margin
bordering the Piedmont Plateau remained above water. In the estu-
aries thus formed and along the coast, the earlier Columbia formation
was then deposited. This formation, therefore, built up a terrace below
that of the Lafayctte in the heads of the estuaries near the Piedmont,
but covered up the Lafayette surface where it was submerged to the
cast. While the deposition of the carlier Colnmbia was still in progress,
the Coastal Plain again tilted so as to bring that portion of it lying
to the northeast and against the Piedmont above water, while the south-
castern portion was still further depressed. The later Columbia was in
its turn deposited in the estuaries beneath the earlier Columbia where the
latter had been elevated, and above it where it had been depressed.
Consequently the three formations near the Piedmont were developed in
separate terraces lying one above the other, the Lafayette at the top, with
the carlier Columbia in the middle and the later Columbia at the bottom,
while in the castern submerged portion the formations were not devel-
oped in terraees, but in a continuous series, with an erosive break between

the Lafayette and the ecarlier Columbia. In this region the sequence

* Amer. Geol., vol. ix, 1891, p. 181.
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ran, beginning at the top, later Columbia, carlier Columbia, and
Lafayette. (Fig. 1.)

Darton has published a number of geologic maps from time to time
in which these relations are depicted. In an carly map of the Washing-
ton region which was published in 1891, he included only two formations
of gravel, the Lafayette and Columbia, but in the Washington folio which
appeared in 1901, three formations of gravel are portrayed, the carlier
and later Columbia and Lafayette, developed in distinet terraces, lying
onc above the other. The Nomini and Fredericksburg folios of the
Geologic Atlas of the United States convey his ideas regarding the se-
quence of gravel in portions of southern Maryland and castern Virginia.

= RS oheac] TS ] T EASTEAN SHORE REGION
LAFAVETTE s

| eanugr coLumers

= e
LATER COLUMBIA

Fic. 1.—Diagram showing structure and distribution of surficial deposits in
the Middle Atlantic slope according to N. H. Darton.

In ‘these publications he distinguishes two gravels lying in distinet ter-
races, the Lafayectte above, covering the divides and the Columbia beneath,
oceupying the valleys.

During the year 1898, while Darton’s publications were still appear-
ing, there arose an interesting discussion regarding the age and origin
of certain clay lenses found at various places near tide level under oue
of the lower terraces of the Columbia group. These lenses have been
found to contain vegetable remains such as cypress-stumps, logs, roots,
twigs, sceds, cones, leaves, ete., and animal remains including inscet and
invertcbrate fossils, the latter found especially at Wailes Bluff near the
mouth of the Potomac and at Langleys Bluff five miles south of Cedar
Point on the Bay shore. These last two localities were mentioned and
deseribed long ago by Conrad. Mr. A. Bibbins, from the examination of
onc of these clay deposits carrying cypress-stumps, near Bodkin Point
at the mouth of the Patapsco river, concluded that they were Raritan in
age. Dr. Philip R. Uhler, after examining a number of similar deposits

farther up the Patapsco river near the head of Baltimore harbor, cou-
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Fic. 1 —viEw SHOWING SUNDERLAND TERRACE WITH LAFAYETTE FORMATION IN THE
FOREGROUND, ELKTON, CECIL COUNTY.

F16. 2—VIEW SIOWING SURFACE OF LAFAYETTE FLAIN NEAR CITELTENHAM, PRINCE
GEORGE'S COUNTY.
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cluded that they were Recent and gave them the name of the McHenry
formation. Dr. William H. Dall confined his observations to the locality
at Wailes Bluft and stated that, while they have generally been referred
to the Pleistocene, it is probable that they will actually be found on
further research to be Pliocene in age. The author, who had enjoyed
greater opportunities for studying these clay lenses and had observed them
in various parts of tide-water Maryland, suggested that they all belonged
to one formation and thought it not unlikely that subsequent investiga-
tions would show that they were contemporaneous with the famous IMish
House clays near Philadelphia in New Jersey. Three years later in
1901, after further study, he concluded that all of these clay lenses be-

longed to one formation and were a part of the latest Pleistoeene form-
ation, the Talbot.

In May, 1901, while the Washington folio was still in press, the author *
published a paper in which, after reviewing the work of MeGee and
Darton on the surficial deposits of Maryland and that of Prof. R. D.
Salisbury in New Jersey, he summarized the results of several years of
investigations. As these will be brought out later in this monograph,
it need only be said here that the surficial deposits were found divisible
into five formations which are developed as terraces lying one above the
other from tide level to over 500 feet, the oldest located on the highest
elevation. The formations and terraces were called Lafayette, Sunder-
land, Wicomico, Talbot, and Recent. The author further showed that
they were formed by the continued action of river, estuarine, and occan
agencies.

While this paper was in press Professor Salisbury and the author
jointly examined the Columbia deposits of Maryland and New Jersey.
In the following autumn (1901), the report of the State Geologist of
New Jersey for 1900 was issued, to which were appended a few pages
by Professor Salisbury on “The Surface Formations of Southern New
Jersey,” in which a comparison was instituted between the New Jersey

and Maryland classifications. The views cxpressed in this paper were

* Johns Hopkins Univ. Circ. No. 152, reprinted in Amer. Geol., vol. 28, pp.
87-107, Aug., 1901.
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more in harmony with those given by the author in the artiele above
mentioned and already published, than were the carlier statements of
Professor Salisbury in the New Jersey reports. Several differenees of
moment materially affeeting the elassification were still maintained and
so far as known still exist.

A detailed diseussion of the Columbia Group around the head of the
Chesapeake Bay was given by the author in 1902 in his report on Ceeil
county.’

A comparison of the classifieations of Darton, Salisbury, and the author
is presented in the following tables:

Darton Shattuck Darton

M istric
(Washington region.) { Iarglfaggl?lrgibgftr E (Southern Maryland.)

. Talbot
Later Columbia { e } Columbia
Earlier Columbia Sunderland
Lafayctte
Lafayette Lafayette
Shattuck Salisbury

{(Maryland and District of Columbia.)

Talbot (lower portions of Later
Columbia)

Wicomico (higher portions of Later
Columbia)

Sunderland (Earlier Columbia)

(New Jersey.)
Parts of Cape May and Pensauken.

Parts of Cape May, Pensauken and
possibly Bridgeton,

Parts of Cape May, Pensauken and

Bridgeton.

A number of investigations have been made on the economie products
of the Lafayette and Columbia formations. The most important of these
have been contributed by Professors Wm. B. Clark and Milton Whitney,
Doctors E. B. Mathews, Heinrich Ries, and J. A. Bonstecl, and Messrs.
A. N. Johnson, C. W. Dorsey, and R. T. A. Burke. In 1891 Whitney
began a series of publications on the soils of Maryland in which he
described the particular soils found throughout the Lafayette and Co-
lumbia belts. These papers, however, were preliminary to a more ex-
tensive work carried on under his dircetion and in co-operation with the
Maryland Geologieal Survey by Messrs. Dorsey, Bonsteel, and Burke.

®Md. Geol. Survey, Cecil County, 1902, pp. 46-48, 169-173, 179-184.
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As a result of this work, soil maps with acecompanying deseriptive text
have been issued for Cecil, Calvert, Kent, Prince George’s, and St. Mary’s
counties. As these publieatio'ns are aceessible, they will not be diseussed
further in this place. Mathews, in 1902, deseribed at some length the
mineral resources of Ceeil county where he took into consideration the
value of eertain gravels found among the surficial deposits, and Ries in
the same year published analyses of certain of the Columbia clays. One
of the most important contributions on the economic geology of the
Lafayette and Columbia deposits is that made by Clark and Johnson who,
in 1899, published a report on the highways of Maryland in which was
shown the value of the surficial deposits in the construction of roads.
A large number of maps were published, showing the distribution of this
road material.
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Macrure, Wa. Observations on the Geology of the United States
of America, with some remarks on the effeet produced on the nature
and fertility of soils by the decomposition of the different classes of
rocks. With two plates. 12mo. TPhila., 181%.

A classle work giving many references to the limits and character of the geological
formations In Maryland. The text and map (120 m. to the inch) represent the Cre-
taceous extending southwest to the Susquehanna only. All land to the southeast of
“ Primitive ” 1s “ Allavium " in Maryland. DPages 105-107 dcal especially with Maryland.
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MAcCLURE, Wat. Observations on the Geology of the United States
of Amcrica, with some remarks on the probable effect that may be
produced by the decomposition of the different classes of Rocks on

the nature and fertility of Soils. Two plates.
Republished in Trans. Amer. Phil. Soc., vol. i, n. s., 1818, pp. 1 91.
Leon. Zeit., i, 1826, pp. 124-138.
Much the same as above.
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To which are now added Observations on the Geology of North Am-
crica. 8vo. 431 pp. DPlates. New York, 1818,
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Contains references to Iastern Shore of Maryland.

1820.

Haypex, H. H. Geological Essays; or an Inquiry into some of the
Geological Phenomena to be found in various parts of America and
elsewhere. 8vo. pp. 412. Baltimore, 1820.

Cltes Maryland localities, especially about DBaltimore, in support of his theory.
Cites the finding of numerous mastodon teeth in Maryland.
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1822.

CLEAVELAND, PARKER. An elementary treatise on Mineralogy and
Geology. 6 plates. 24 edition in 2 vols. Boston. 1822.

The outilne of the * Aiiuvial Deposits ” of Maclure is reproduced, together with his
map. He refers briefly to the character of the material. The DPielstocene materials

seem to have attracted his attention mcre than most of the other Coastai Plain forma-
tions.

1824.

Finom, J OHN. Geological Essay on the Tertiary Formations in Am-
crica.  (Read Acad. Nat. Sci. Phila., July 15, 1823.)
Amer. Jour. Sci., vol. vii, 1824, pp. 31-43.

Objects to Maeclure's use of Aliuvium and shows that the formations so called are
mostly Tertiary.

States that “dlluvlal ” deposits cover the reglon. This *diiuvial ” is in part at
least what Is to-day known as Coiumbla,

1828.

Vaxuxem, L., and MorroxN, S. G. Geological Observations on Sec-
ondary, Tertiary, and Alluvial formations of the Atlantic coast of the

United States arranged from the notes of Lardner Vanuxem. (Read
Jan. 1828.)
Jour. Acad. Nat. Sci., Phila., vol. vi, 1829, pp. 59-71.

The Coastal Piain deposits are divided into Secondary, Tertlary, Ancient Ailuviafi
and Modern Alluviai. The last two are apparently included in what is regarded to-day
as Lafayette, ’lelstocene, and Recent.

1830.

Coxrap, T. A. On the Geology and Organic Remains of a part of
the Peninsula of Maryland.
Jour. Acad. Nat. Sci., Phila., vol. vi, pt. 2, 1830, pp. 205-230, with two plates

Cails attention to the * dlluvial” deposit of sand and gravel which covers the
surface of southern Maryiand. Describes the Cornfield arbor fossil focaiity (Waliies
biuff) and gives iist of fossiis found there.

1832.

Coxrap, T. A. Tossil Shells of the Tertiary Formations of North
America illustrated by figures drawn on Stone from Nature. Phila.
46 pp. [vol. i, pt. 1-2 (1832), 3-4 (1833)].

(Repub.) by G. D. Harris, Washington, 1893.

(Part 3 was republished with plates, March 1, 1835.)
RRefers to the Pieistocenc deposlts as ‘ diluvial ”’ deposits and deseribes them.
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1834.

Ducater, J. T., and ALEXANDER, J. H. Report on the Projected
Survey of the State of Maryland, pursuant to a resolution of the Gen-
eral Assembly. Svo. 39 pp. Annapolis, 1834. Map.

Md. House of Delegates, Dec. Sess., 1833, 8vo, 39 pp.

Another edition, Annapolis, 1834, 8vo, 58 pp., and map.

Another edition, Annapolis, 1834, &vo, 43 pp., and folded table.

Amer. Jour. Sci., vol. xxvii, 1835, pp. 1-38.

Results of a prellminary survey of the State. The area and formations of the State
are dlvided into three divisions corresponding to the present Coastal Plain, I'ledmont
Plateau, and Appalachlan areas. Bog lron ore 1s reported from Caroline, Dorchester,
Somerset, and Worcester countics. Mentions gravel and sand overlying the maris in
southern Maryland.

Harran, R. Critieal Notices of Various organic remains hitherto

discovered in North America. (Read May 21, 1834.)
Trans. Geol. Soc., Pa., vol. i, part 1, 1834, pp. 46-112.
Med. Phy. Researches, 1835 [with a few additions].

The author mentions specimens of Equus caballus ‘ found In cxcavating for the
Chesapeake and Ohio Canal near Georgetown, D. C., not far from the Potomac Rlver.”

1835.
Ducater, J. T. Geologist’s report 1834. pp. 84.

———— [Another edition.] Report of the Geologist to the Legisla-
ture of Maryland, 1834. n. d. 8vo, 50 pp. 2 maps and folded tables.

Mentions the occurrence of sand, gravel, and clay overlying older deposits.

———, and ALEXANDER, J. H. Report on the New Map of Mary-
land, 1834, [ Annapolis] n. d. 8vo, 59, i, pp. Two maps and one folded
table,

Md. House of Delegates, Dec. Sess., 1834.

Mentlons * diluvlal ” deposits of gravel, sand, and clay in Prince George’s and Charies
counties. g

1836.

Ducater, J. T. Report of the Geologist. n. d. 8vo, pp. 35-84.
Plate.

Separate publlcation (see Ducatel and Alexander.)

————— and ALEXANDER, J. H. TReport on the New Map of Mary-
land, 1835. Svo, 84,1 pp. [Annapolis, 1836.]

Md. Pub. Doc., Dec. Sess., 1835.

Another edition, 96, 1 pp. and maps and plate.

Engineer’s Report, pp. 1-34.
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Contains three maps for canals on Eastcrn Shore, one trlangulation map of bay, and
large scale contour maps of southern part of Western and Kastern Shores, with
explanations.

Report of the Geologist, pp. 35-84.

Physical geography, geology, and resources of Dorchester, Somerset, Worcester, and
St. Mary’s counties. Suggests the prescnce of old beaches in these counties.

, Report of the Engineer and Geologist in relation to the

New Map to the Exeeutive of Maryland.

Md. Pub. Doec., Dec. Sess., 1835 [Annapolis, 1836], 8vo, 84, 1 pp., 6 maps and
plates.

(Rev.) Amer. Jour. Sci., vol. xxx, 1836, pp. 393-394.

Jour. Franklin Inst., vol. xviii, n. s. 1836, pp. 172-178.

Shows the report to Le economic and preliminary. Its appearance is thc occasion
for remarks on the organization and appropriations of the other then existing surveys.

1837,

Dueoarer, J. T. Outline of the Physieal Geography of Maryland,
embraeing its prominent Geological Features.
Trans. Md. Acad. Sci. and Lit., vol. i, 1837, pp. 24-54, with mabp.

Refers in many places to the sandy, clayey, and gravelly soils of the regions. Also
mentions the deposit of comparatively recent shells near mouth of Potomac river (Corn-
field Ilarhor).

————, and ALEXANDER, J. II. Report on the New Map of Mary-
land, 1836. 8vo, 104 pp. and 5 maps. [Annapolis, 1837.]

Md. House of Delegates, Dec. Sess., 1836.

Another edition, 117 pp.

Bricf mention is made of the *‘ diluvial gravel ” which overlics the fossiliferous marls
while In a few sectlons given undoubtedly the upper'portions are Pleistocenc materials.

1838.

Dvcater, J. T. Annual Report of the Geologist of Maryland, 1837,

[Annapolis, 1838.] S8vo. 39, 1 pp. and 2 maps.
Md. Pub. Doc., Dec. Sess., 1837.
Refers briefly to the gravel, sand, and clay deposits of Kent and Cecll counties, Md.

1839.

Conrap, T. A. Notes on Ameriean Geology. Observations on char-
aeteristic Fossils, and upon a fall of Temperature in different geological
cpoehs.

Amer. Jour. Sci., vol. xxxv, 1839, pp. 237-251.

Concludes angular blocks in * diluvial”” deposits were transported by glaclers or
ice-bergs.
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Ducarer, J. T. Annual Report of the Geologist of Maryland, 1838.

[Annapolis, 1839.] Svo, map and illustrations. 33 pp.
Md. Pub. Doc., Dec. Sess., 1838.
Brief note on soils found on river neck in 1larford and Baitimore counties.

1844.

tocers, H. D. Address delivered at the Meeting of the Assoeiation
of American Geologists and Naturalists.
Amer. Jour. Sci., vol. xlvii, 1844, pp. 137-160, 247-278.

Discusses briefly the deposits at Wailes Bluff near Cornfield IHarbor. Regards them
post-Pllocene and Pieistocene.

185%.

Drsor, E. Post Plioecene of the Southern States and its relation
to the Laurentian of the North and the Deposits of the Valley of the
Mississippi.

Amer. Jour. Sci., 2d ser., vol. xiv, 1852, pp. 49-59.

Refers to deposits at Walles biuff near Cornfield Harbor. Regards them as post-
Pliocene.

1856.

Iircmecock, E. Outline of the Geology of the Globe and of the
TUnited States in partieular, with geologieal maps, etc. 8vo. Boston,
1856 (3d Edition).

Mentions remains of Eiephas primigenius which have been found in * post-pliocene ”
deposits of Maryland.

1860.

TysoN, P. T. Tirst Report of Philip T. Tyson, State Agricultural
Chemist, to the House of Delegates of Maryland, Jan. 1860. S8vo.

145 pp. Annapolis, 1860. Maps.
Md. Sen. TCoc. [E]. Md. House Doc. [C].

Discusses Post-Tertlary deposits of Worcester, Somerset, and Dorchester countles.

1869.

Lripy, J. The Extinet Mammalian Fauna of Dakota and Nebraska,

ineluding an aceount of some allied forms from other localities, [ete.].
Jour. Acad. Nat. Sci., Phila., n. s. vol. vii, 1869, pp. 255-256.
Deseribes elephants’ teeth from Taibot Co.
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1871.

SHALER, N. S. On the Causes which have led to the Production
of Cape Hatteras.

Proc. Boston Soc. Nat. Hist., vol. xiv, 1871, pp. 110-121.

He thinks that Deiaware and Chesapeake bays were excavated by streams or rlvers
of Ice and that the excavated materlal was deposlted farther southward along the
coast and prodnced the sandy coast of Hatteras.

18%7.

Rocers, Wum. B. On the Gravel and Cobble-stone Deposits of Vir-

ginia and the Middle States.
(Read May 19, 1875.) Proc. Boston Soc. Nat. Hist., vol. xviii, 1877, pp.
101-106.

The gravels and cobhles (of the Columbla and Lafayette) abont Washington, Baltl-
more, Richmond, Wllmlngton, etc., are descrlbed, and materials from the Potsdam and
other Paleozoic formatlons to the westward are recognlzed. These, he thlnks, were
brought down by the present rlvers when the land stood at ,1 iower level and thelr
flooded headwaters extended Into the reglon ihen glaclated. Thus he correlates the
deposlts with the glaclal deposlts.

1878.

StevensoN, Joun J. On the Surface Geology of Southwest Penn-

sylvania, and adjoining portions of Maryland and West Virginia.
Amer. Jour. Sci., 3d ser., vol. xv, 1878, pp. 245-250.

He dlstingulshed twenty horizontai benches and river terraces ranging in elevatlon
from 580-1100 feet ahove the sea, which he regards as ‘‘ sea beaches marklng stages of
the withdrawal of the ocean.” No speclfic localltles are given in Maryland.

1879.

FoxTaing, W. M. Notes on the Mesozoic of Virginia,
Amer. Jour. Sci.. 3d ser., vol. xvii, 1879, pp. 25-39, 151-157, 229-239.
Makes a few indefinite remarks in regard to gravels.

1881.

lLewrs, H. C. On Jurassic Sand.
Proc. Acad. Nat. Sci., Phila., vol. xxxii, 1881, p. 279.

Recognizes Bryn Mawr gravels near Elkton.

1883.

Coox, GuorGE H. The change of Relative Level of the Ocean and
the Uplands of the Eastern Coast of North America.

Proc. Amer. Assoc. Adv. Sci., vol. xxxi, 1883, pp. 400-408.

A general paper wlth reasonlng applicable to Maryland. Wrlter regards osclilatlon
connected wlth ice movements as the princlple factor.
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SMmock, J. C. The Useful Minerals of the United States.
Mineral resources U. S., 1882, ‘Washington, 1883, pp. 664, 690-693.

Notes presence of fossil wood Dbeneath Quaternary gravels ln an excavation on
Connectleut Avenue, Washlngton, D. C.

Unrer, P. R, Geology of the Surface Features of the Baltimore
Area.

Johns Hopkins Univ. Cir. No. 21, vol. ii, 1883, pp. 52-53.

(Abst.) Science, vol. i, 1883, vp. 75-76, 277.

Mentlons presence of certain, probably Plelstocens, gravels.

1884.

Curster, FREDERIOK D.  The Quaternary Gravels of Northern Dela-

ware and Eastern Maryland, with map.
Amer. Jour. Sci., 3d ser., vol. xxvii, 1884, pp. 189-199.

Separates Quaternary deposits inte “ fled graveis »

at base and * Philadelphia clay **
above.

Rogers, WirLiam Barron. A reprint of Annual Reports and other

papers, on the Geology of the Virginias. sm. Svo. Appleton, 188t
Snggests the presence of ancient coast line near the positlon of “ fali line.”

1885.

CHESTER, FREDERTCK 1. The Gravels of the Southern Delaware
Peninsula.

Amer. Jour. Sci., 34 ser., vol. xxix, 1885, pp. 36-44.

Post Glacial boulders of Snow IIil, Md., pp. 41-43.
Quaternary and modern deposlts,
area.

This deals especially wlth the
though dlscusslng the surface deposlts of the whole

1886.

McGee, W J Geological Formations underlying Washington and
Vicinity.

Rept. Health Officer of the District of Columbia for the year ending June -
30, 1885, by Dr. S. Townsend, pp. 19-21, 23-35.

(Abst.) by author in Amer. Jour. Sci., 3d ser., vol. xxxi, 1886, pp. 473-4.

Descrlbes the composition and distribution of the Columbi

a and underiying I’otomac
formations and somethilng of the Crystalilne rocks.

Geography and Topography of the head of Chesapeake Bay.
(Read to Amer. Assoe. Adv. Sei. 1886.)
(Abst.) Amer. Jour. Sci., 3d ser., vol. xxxii, 1886, p. 323.
Describes the drainage and topographic features.
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1887.

McGeg, WJ The Columbia Formation.

Proc. Amer. Assoc. Adv. Sci., vol. xxxvi, 1887, pp. 221-222.
Discusslon of Columbia formation about Washington, D. C.

Ovibos cavifrons from the Loess of Towa.
Amer. Jour. Sci., 3d ser., vol. xxxiv, 1887, pp. 217-220.
A Drlef dlscusslon of the conditlons along the Mlddle Atlantle slope during Qua-
ternary time. Also notes on the size of the boulders deposited In the Susquchanna,
Patapsco, and Potomac deitas In Quaternary tlme,

Wurrg, I. C. Rounded Boulders at High Altitudes along some Appa-

lachian Rivers.

Amer. Jour. Sci., 3d ser., vol. xxxiv, 1887, pp. 374-381.

Especially pp. 279 and 280 which deal with the boulders on the castern sldc of the
Alleghanics. Considers these deposits to be due to dlfferent causes; suhmergence ahout
Washington—even to Cumbcerland-—lce dams (Wright) on western slopes, and snow slides
willch dammed the mountain strcams.

1888.

(Crark, Wam. B. On threc Geological Exeursions made during the
months of October and November, 1887, into the southern ecounties of

Maryland.

Johns Hopkins Univ. Cir. No. 63, vol. vii, 1888, pp. 65-67.

Brief descriptlons of Plelstocene deposits occurring ln sections at several points In
southern Maryland.

McGEes, W J The Geology of the Head of Chesapeake Bay.

7th Ann. Rept. U. S. Geol. Surv., 1885-86, Washington, 1888, pp. 537-646,
plates 56-71.

(Abst.) Amer. Geol., vol. iv, 1889, pp. 113-115.

The author dlscusses the hydrography, topography, exposures, and gcologicai forma-

tions: and conciudes with a summary of the Quaternary hlstory as recorded in the
‘ Columblan formation, in 1ts local and more general applicatlon.

The Columbia Formation.
Proc. Amer. Assoc. Adv. Sci., vol. xxxvi, 1888, pp. 221-222.
Brlef paper on general relations and suhmary.

Three Formations of the Middle Atlantie Slope.
Amer. Journ. Sci., 3d ser., vol. xxxv, 1888, pp. 120-143, 328-331, 367-388, 448-
466, plate ii.
(Absts.) Nature, vol. xxxviii, 1888, pp. 91, 190.
Amer. Geol., vol. ii, 1888, pp. 129-131.
Appomattox and Columbia are descrlbed at iength.

Paleolithic man in America; his Antiquity and Environ-

ment.
Pop. Sci. Mo., vol. xxxiv, 1888-89, pp. 20-36.
Discusses the geology at the head of the Chesapeake Bay.
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UnLer, P. R. The Albirupean Formation and 1ts nearcst relatives in
Maryland.

Proc. Amer. Phil. Soc., vol. xxv, 1388, pp. 42-53.
Notes Columbia deposits overlying older formations.

1889.

Crark, WM. B. Discovery of fossil-bearing Cretaceous strata in Anne
Arundel and Prince George’s Counties, Maryland. 1

Johns Hopkins Univ. Cir. No. 69, vol. viii, 1889, pp. 20-21.

In a number of localities in the Cretaceous section of the State, sections are given
which include the PleiStocenc capping. The statement is also made that at certain
places the Cretaceous strata are entirely concealed by the Quaternary deposits.

FontalNE, W. M. Potomac or Younger Mesozoic Flora.

Mono. U. 8. Geol. Surv., No. 15, 1889, 377 pp., 180 plates.

House Misc. Doc., 50th Cong., 2d sess., vol. xvii, No. 147.

(Rev.) Amer. Jour. Sci., 3d ser., vol. xxxix, 1890, p. 520 (L. F. W.).
Amer. Geol., vol. v, 1890, p. 315.

The Quaternary deposits are frequently briefly mentioned in their relation to the
Potomac beds.

McGre, W J The Geological Antecedents of Man in the Potomac

Valley.
Amer. Anth., vol. ii, 1889, pp. 227-234.
Columbia deposits correilated with first epoch of ice advance.

Umnrer, P. R. Additions to observations on the Cretaceous and

Focene formations of Maryland.
Trans. Md. Acad. Sei., vol. i, 1889, pp. 45-72.
Refers briefly to Plelstocene deposits.

1890.

Crark, Wam. B. Third Annual Geological Expedition into Southern
Maryland and Virginia.
Johns Hopkins Univ. Cir. No. 81, vol. ix, 1890, pp. 69-71.

Many DPleistocene sections are given from the southern Maryiand region and aiso a
brief statement of Darton’s and McGee's views.

UnLER, P. R. Notes and TIllustrations to ¢ Observations on the Cre-
taceous and Focene Formations of Maryland.”
Trans. Md. Acad. Seci., vol. i, 1890, pp. 97-104.
Mentions Columbia deposits In Potomac valley.
4
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1891.

Crark, War. B.  Correlation papers—Xocene.

Bull. U. S. Geol. Surv. No. 83, 1891.

House Misc. Doc., 52d Cong., 1st sess., vol. xx, No. 25.

(Abst.) Johns Hopkins Univ. Cir. No. 103, vol. xii, 1893, p. 50.
Gives section at IFort Washington, Including Ileistocene materials.

———— Report on the Scientific Expedition into Southern Maryland.
[Geology; W. B. Clark. Agriculture; Milton Whitney. Archaeology;

W. H. Holnies. ]
Johns Hopkins Univ. Cir. No. 89, vol. x, 1891, pp. 105-109.
Glves sectlons including Plelstocene materials.

DarroN, N. H. Mesozoic and Cenozoic Formations of Eastern Vir-

ginia and Maryland.
Bull. Geol. Soc. Amer., vol. ii, 1891, pp. 431-450, map, sections.
(Abst.) Amer. Geol., vol. viii, 1891, p. 185.
Amer. Nat., vol. xxv, 1891, p. 658.

A general discussion of the different formations and thelr type localities, accompanied
by a geologlcal map and sections.

LINDENKonL, A. Notes on the submarine channel of the IHudson
river and other evidences of postglacial subsidence of the middle Atlantic

coast region.

Amer. Jour. Sci., 3d-ser., vol. xli, 1891, pp. 489-499, 18 plates.

The arguménts are based on submarine topography and bathymetric contours, and
embraces many hltherto unpublished facts wbich point to a subsidence since glaclal tlme
of several hundred feet (ITudson), fifty feet (1Iavre de Grace), eleven feet (Georgetown).

McGEE, W J The Lafayctte IFormation.

12th Ann. Rept. U. 8. Geol. Surv., 1890-91, Washington, 1891, pp. 347-521.

A momnographic study Introducing a description of the coastal plaln and the typical
areas of the Lafayette; a dlscusslon of Its synonymy and a development of the history
recorded In the formatlon.

———— Geology of Washington and Vicinity.

In Guide to Washington and its Scientific Institutions.
Compte rendu, International Congress of Geologists, 1891.
House Misc. Doc., 53d Cong., 2d sess., vol. xiii, No. 107.

Prepared with the collaboratlon of G. 1. Willlams, N. M. Darton, and Balley WIllls.
Summary of the local geology.

WaIirNey, MIirToN. Soil Investigations.
4th Ann. Rept. Md. Agri. Exper. Sta., College Park, pp. 249-296.

Many solls of Coastal I'lain described and thelr relations to Columbla and Lafayette
deposits discussed.

Wirriams, G. H. (Editor.) Guide to Baltimore, with an account of

the Geology of its environs and three maps.

Brief reference to Coastal Plaln deposits In vicinity of Baltimore, accompanied by
two geological maps showing distribution of Lafayette and Columbla formations in the
same reglon.
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1892.

Daxron, N. H. On Fossils in the Lafayette Formation in Virginia.
Am. Geol., vol. xii, 1892, pp. 181-183.

Continues Lafayette formation along divides to Chesapeake Bay where it terminates
at an elevation of 6O to 80 feet. Columbia formation develops below thls in a terrace.

Unwieg, P. R.  Albirupean Studies.
Trans. Md. Acad. Sci., vol. i, 1890-92, pp. 185-202.
Brief mentlon of 1’leistocene deposits.

WHITNEY, MiLTON. Report of the Physieist. Soil Investigations.
4th Ann. Rept. Md. Agri. Exp. Sta., 1891. Annapolis, 1892, pp. 249-296.
Many solls deseribed and reclations to Lafayette and Columbia deposits indlcated.

’
.

Winrans, Gro. H. (Editor.) Geological Map of Baltimore and Vi-
cinity. Published by the Johns Hopkins University on the topographic
base of the U. S. Geologieal Survey. 231X 24, contour 20 feet, 18

colors. Seale 1/62,500. (J. H. T.)

The distribution of the Lafayette gravels and the deposits of the Columbla forma-
tions are indicated in the viclnity of Baltimnore.

, and CLARK, WM. B. Report on short exeursions made by
the Geologieal Department of the University during the antumn of 1891.
Johns Hopkins Univ. Cir. No. 95, vol. xi, 1892, pp. 37-39.

Descrlbes various areas about Baltimore and Wasbington, Brief mentlon of Co-
lumbla deposits.

1893.
Darrox, N. TI. Cenozoie History of Eastern Virginia and Maryland.
Bull. Geol. Soc. Amer., vol. v, 1893, p. 24.
(Abst.) Amer. Jour. Sci., 3d ser., vol. xIvi, 1893, p. 205.

Remarks by McGee and Sallsbury indicate that Darton suggested the division of the
Columbia into an upper and lower member, Darton’s paper Itself is not published.

ITarris, G. D. Republieation of Conrad’s Fossil Shells of the Ter-
tiary I'ormations of North Ameriea. 8Svo. 121 pp. 20 plates. Wash-
ington, D. C., 1893.

Contalns an hlstorical introduction by Harris, giving the dates of pubiicatiou of the
varions numbers of Conrad’s papers. Sce Conrad, 1832-1835.

Hrvr, R. T. Clay Materials of the United States.
Mineral Resources U. 8., 1831, Washington, 1893.
Mentlons Columbia deposits as furnishing fine brick clays.

WirrNey, MivtoN. The Soils of Maryland.
Md. Agri. Exper. Sta., Bull. No. 21, College Park, 1893, 58 pp., map.
Generai discussion of Maryland soli, its types, texture, and absorption propertics.
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Agriculture and Live Stock [of Maryland].
Maryland, its Resources, Industries, and Institutions. Baltimore, 1893, pp.
154-217.

Gives many interesting facts on the soiis of the State; their distribution, formation,
and crops, pp. 181-211.

——————— Soils of Maryland.
Monthly Rept. Md. State Weather Service, vol. iii, 1893, pp. 15-22, map.
Inciudes many mechanicai analyses of soil. Map shows soil distribution.

Some Physical Properties of Soils in their Relation to

Moisture and Crop Distribution.
U. S. Dept. Agri., Weather Bureau, Bull. No. 4, Washington, 1893.
Uses many Maryiand soils as iiiustrations.

Wirriams, G. H. Mines and Minerals [of Maryland].

Maryland, its Resources, Industries, and Institutions, Baltimore 1893, pp.
89-153. )

Brief description of Columhia brick ciays.

———— and Crarg, W. B. Geology [of Maryland].

Lafayette and Pleistocene of State quite fuily deseribed.

1894,

Crarg, Wi, Burrock. The Climatology and Physical TFeatures of
Maryland. '

1st Biennial Rept. Md. State Weather Service, 1894.
Lafayette and Coiumbia deposits briefly described.

Darton, N. H. An outline of the Cenozoic History of a Portion of
the Middle Atlantic Slope.
Jour. Geol,, vol. ii, 1894, pp. 568-587.

A generai geographic study of the Tertiary, Pieistocene, and post-Pleistoccne history
of the Maryland and Virginia Coastai Plain. Two maps and several sections.

Artesian Well Prospects in Eastern Virginia, Maryland,
and Delaware.

Trans. Amer. Inst. Min. Eng., vol. xxiv, 1894, pp. 372-397, plates 1 and 2.
Lithological character considered and several horings descrihed.

Fredericksburg Folio. Explanatory sheets.
U. 8. Geol. Surv. Geol. Atlas, folio No. 13, Washington, 1894.

Brief epitomized discussion of the iocal geology, structure, and geological history of
the * guadrangle ” studied.

Kerra, ARTHUR. Geology of the Catoctin Belt.

14th Ann. Rept. U. 8. Geol. Surv., 1892-93, Washington, 1894, part ii, pp.
285-395, maps and plates. .

House Exec. Doc., 53d Cong., 2d sess., vol. xvii, p. 285.

(Rev.) Science, n. s. vol. i, 1895, p. 97.

Refers to Lafayette and Columhia deposits in the vieinity of IIarpers Ferry and
discusses physiographic changes which took place during those epochs.
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Wirrney, MinToN, and KEY, SoTHORON. Further Investigations on

the Soil of Maryland.
Md. Agri. Exper. Sta., Bull. No. 29, College Park, 1894, 21 pp.
Drief reference to Lafayette and Pleistocene deposits and thelr reiation to solls.

1895.

Crark, WM. B. Description of the Geological Ixcursions made dur-
ing the spring of 1895.

Johns Hopkins Univ. Cir. No. 121, vol. xv, 1895, p. 1.

Summary statement concerning local geology.

WarD, LESTER F. The Potomac Formation.

15th Ann. Rept. U. S. Geol. Surv., 1893-94, Washington, 1895, pp. 307-397,
plates.

Columbia deposits overlylng the Potomac formations are given In some sections.

1896.

Crark, War. B. The Eocene Deposits of the Middle Atlantic Slope
in Delaware, Maryland, and Virginia.
Bull. U. S. Geol. Surv. No. 141, 1896, 167 pp., 40 plates.

House Mis. Doc., 54th Cong., 2d sess., vol. —, No. 31.
Brief account of Lafayette and Pleistocene deposits.

DarToN, N. H. Artesian Well Prospects in the Atlantic Coastal Plain

Region. _
Bull. U. S. Geol. Surv. No. 138, 1896, 228 pp., 19 plates.
House Misc. Doc., 54th Cong., 2d sess., vol. —, No. 28.
Considerable detalled local information. Md. ref. 22, 124-155.

Nomini Folio, ixplanatory sheets.
U. S. Geol. Surv., Geol. Atlas, folio 23, Washington, 1896.
Brief epitomized account of the geology of the * quadrangie” studied.

FoNTAINE, WM. M. The Potomac Formation in Virginia.
Bull. U. S. Geol. Surv., No. 145, 1896, 149 pp., plates.

House Misc. Doc., 54th Cong., 2d sess., vol. —, No. 35.
Pieistocene deposits of Fort Washington biluffs are briefly mentioned.

1898.

ABBE, CLEVELAND, Jr. An Episode during the Terrace Cutting of
the Potomac.
Johns Hopkins Univ. Cir. No. 137, vol. xv, 1898, pp. 16-17.

Describes a cave In the vicinity of Cumberland, Md., which he thinks was cut during
one of the terrace forming epochs.
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Bipins, A. A Fossil Cypress Swamp in Maryland.

The Plant World, vol. i, 1898, pp. 164-166.
Discusses fossll swamp at Bodkln I’oint and correlates 1t with the Rarltan formatlon.

SHATTUCK, G. B. Two Execursions with Geological Students into the

Coastal Plain of Maryland.

Johns Hopking Univ. Cir. No. 137, vol. xv, 1898, pp. 15-16.

Discusses deposlts at Bodkln I’olnt, Drum Polnt, Cornfield Harbor, and othcr places,
and suggests that they may all Delong to one and the same formation.

UniER, P. R. Preliminary Notice of a Recent Series of Geological
Aeeumulations, the MeHenry Formation.

Trans. Md. Acad. Sci., 1900, vol. i, new series, 1888-1900, Baltimore, 1901.
Article issued Nov. 19, 1898, pp. 395-400.

Descrlbes some recent and fossil swamp deposits whlch are called the McHenry
formatlon.

Darr, W. H. A Table of the North Ameriecan Tertiary Horizons,
correlated with one another and with those of western Europe, with An-

notations.

18th Ann. Rept. U. S. Geol. Surv., 1896-97, Washington, 1898, pp. 323-348.
Regards the Lafayette formatlon as Illocene and the clay-bearlng fosslls near
Cornfield IIarbor as I’lelstocene.

1899.

ABBE, CLEVELAND, JR. A General Report on the Physiography of
Maryland.

Md. Weather Service, vol. i, 1899, pp. 41-216, plates i-xix.
Deseribes topography of Coastal I'laln and discusses Its origln.

Crark, WiLLiaym BurLock. The Relations of Maryland Topography,

Climate, and Geology to Highway Construetion.

Md. Geol. Surv., vol. iii, 1899, pp. 47-107, plates iii-xi.

Shows how highway construction and lhinprovement has been effected by the topo-
graphy, cilmate, and dlstribntion of geologleal formatlons wlthln the State.

JornsoN, A. N.  The Present Condition of Maryland Highways.
Md. Geol. Surv., vol. iii, 1899, pp. 187-262, plates xv-xxviii.

Discusses at great length the conditlon of the hlghways wlthin the State and the
materiais at hand by which they may be lmproved.

1900.

MoGzx, W J  [The Sixteenth Sheet Section at Washington, D. C.]

Science, n. s. vol. xii, 1900, pp. 990-991.
Suggests that a portlon of this sectlon may De equivalent to the P’ensauken of New
Jersey.
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1901.

BonsTEEL, J. A.  Soil Survey of St. Mary’s eounty, Md.

Field Oper. Div. Soils for 1900, U. S. Dept. Agri. Second Rept. Div. Soils,
1901, pp. 125-145, with map.
Discusses Dlelstocene solis within the county and shows their distribution on a map.

Soil Survey of Kent eounty, Md. :
Field Oper. Div. Soils for 1900, U. S. Dept. Agri., Second Rept. Div. Soils,
1901, pp. 173-186, with map. .

Discusses soils within the county and gives their distribution on a map.

——— and Burk®, R. T. Soil Survey of Calvert county, Md.

Field Oper. Div. Soils for 1900, U. S. Dept. Agri, Second Rept. Div. Solls,
1901, pp. 147-171, with map.

Discusses Pieistocene soils within the county and shows their distribution on a map.

Dozsry, C. W., and BoxNsTEEL, J. A. Soil Survey of Ceeil county, Md.

Field Oper. Div. Soils for 1900, U. S. Dept. Agri., Second Rept. Div. Soils,
1901, pp. 103-124, with map.
Discusses Pleistocene soils within the county and shows their distribution on a map.

SaLisBURY, R. D. The Surface Formations in Southern New Jersey.
Ann. Rept. State Geol. N. J. for 1900, Trenton, 1901. (Issued in Septem-
ber, 1901.)

SuATTUCK, GEORGE BUurBANK. The Pleistocene Problem of the North

Atlantic Coastal Plain.
Johns Hopkins Univ. Cir. No. 152, May-June, 1901, pp. 69-75.
Amer. Geol., vol. xxviii, August, 1901, pp. 87-107.

1902.

BonsTEEL, J. A, Soil Survey of Prinee George’s eounty, Md.
Field Oper. Bureau Soils, 1901, U. S. Dept. Agri., Third Rept. Bureau Soils,

1902, pp. 173-210, plates xxi-xxv, with map.
Discusses Pleistocene solis within the county and shows their distribution on a map.

DorsEY, C. W., and BoxstEEL, J. A. The Soils of Cecil county.
Md. Geol. Surv., Cecil County, 1902, pp. 227-248, plates xx-xxii, with map.
Discusses soils of the county and shows their distribution on a map.

Maryland Geological Survey in co-operation with U. S. Bureau of Soils.
Map of Calvert county showing the Agricultural Soils. Published on
topographic base, prepared for Md. Geol. Surv. by U. S. Geol. Surv.

251 x 38}, contour 20 feet, 8 colors and patterns, scale 1/62,500.

MataEWS, B. B.  The Mineral Resources of Cecil county.
Md. Geol. Surv. Cecil County, 1902, pp. 195-226, plates xvii-xix.
Discusses at some length tbe various resources of the county.
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Ries, H. Report on the Clays of Maryland.
Md. Geol. Surv. for 1902, pp. 205-505, plates xix-lxix.
Discusses Lafayette and Columbia clays, gives tests and suggests uses.

SmATTUCK, G. B. Development of Knowledge concerning the Physical
Features of Cecil county, with Blbhography

lees short hlstory and bibliography.

The Geology of the Coastal Plain Formations,
Md. Geol. Surv. Cecil County, 1902, with geological map, pp. 149-194, figs.
8-11, plates xii-xvi.
Geology is discussed at some length and the distribution of formations shown on
geological map.

~——————The Physiography of Cecil county

Discusses physlographlc conditions.

The Pleistocene Problem in Maryland.
(Abst.) Science, vol. xv, No. 388, 1902, pp. 906-907.
A summary of the Pieistocene geology of Maryland.

SmirH, W. G., and MarTiN, J. O. Soil Survey of Harford county,

Md.

Field Oper. Bureau Soils for 1901, U. 8. Dept. Agri., Third Rept. Bureau
Soils, 1902, pp. 211-237, with map.

Discusses Pleistocene soils within the county and shows their distrihution on a map.

1903.

Maryland Geological Survey in co-operation with U. S. Bureau of
Soils. Map of St. Mary’s county showing the agricultural soils. Pub-
lished on topographic base, prepared for Md. Geol. Surv. by U. S. Geol.
Surv.

33% x 38%, contour 20 feet, 8 colors and patterns, scale 1/62,500,

in co-operation with U. S. Geological Survey. Map of St.
Marys county showing the geological formations. Published on topo-
graphic base, prepared for Md. Geol. Sury. by U. S. Geol. Surv.
33% x 38%, contour 20 feet, 7 colors and patterns, seale 1/62,500.

in co-operation with U. 8. Geological Survey. Map of Calv-
crt county showing the geological formations. [Revised edition.] Pub-
lished on topographic basc, prepared for Md. Geol. Surv. by U. S. Geol.
Surv.
25} x 384, contour R0 feet, 7 colors and patterns, scale 1/62,500.
Earlier edition appeared in 1902.
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FIG6. I.—VIEW SHOWING LAFAYETTE-SUNDERLAND SCARP, SUNDERLAND SURFACE IN THE
FOREGROUND, NEAR CHARLOTTE HALIL, ST. MARY’S COUNTY

F16. 2—VIEW SHOWING LAFAYETTE-SUNDERLAND SCARP, SUNDERLAND SURFACE IN TIIE
FOREGROUND, NEAR CHARLOTTE HALL, ST. M ARY’S COUNTY.
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GENERAL STRATIGRAPHIC RELATIONS.

Throughout the Coastal Plain of the Middle Atlantic slope, the Lafay-
ette and Columbia deposits rest on the eroded edges of the older forma-
tions which are buried beneath them. The materials of whieh this
younger mantle is composed have been supplied in great measure by the
destruetion of the older beds on which they rest. The appearance of
these older deposits is frequently so charaeteristic and striking that it is
not a difficult matter to recognize materials which have been derived from
them and are now re-worked in a younger formation. As so much de-
pends on a clear understanding of the older deposits of this region, they
will be bricfly described beforc proceeding farther.

PRE-CAMBRIAN AND PALEOZOIC.

The older rocks on which the surfieial deposits rest are found along
the eastern border of the Piedmont Plateau and range in age from pre-
(‘fambrian into Paleozoie. They consist of igneous rocks of various kinds,
sueh as granite, gabbro, diabase, etc., and highly crystalline metamor-
phosed sedimentaries, among whieh schists and marble are important.
When these rocks are fresh, there is no diffieulty in distinguishing them
from the overlying sands and gravel, and even when they are decayed, a
little practice suffices to differentiate the two. If we add to the mantle
which eovers the Coastal Plain the river terraces of western Maryland
which are believed to be, in part at least, of Pleistocene age, it is an easy
matter to distinguish between the shales, sandstones, and limestones of
the mountains and the unconsolidated deposits which cover them along
the river channels.

JURASSIC (?) AND CRETACEOUS.

Above the pre-Cambrian and Paleozoic rocks lie the unconsolidated
deposits of Jurassie (?) and Lower Cretaceous age. These deposits,
which econsist of arkose, elay, sand, and gravel, are divisible into four
formations which have been named, beginning with the oldest, Patuxent,
Arundel, Patapsco, and Raritan. Of these the two former are believed
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to be Jurassic while the two latter are referred to the Lower Cretaceous.
These four formations taken together constitute the Potomae group. This
group represented by cither one or more of its members extends along the
Atlantic coast nearly parallel to the present shore line almost continuously
from Gay Head to the Gulf of Mexico. Throughout the northern portion
of this arca are found certain deposits, which have been called by Ward
the Island series and which are believed by him to be younger than the
rest of the scries.  They have suffered greatly from erosion and are con-
sidered by him to be limited to Marthas Vineyard, Block, Long, and
Staten Islands. From Raritan Bay southward to Washington City the
beds of the Potomac group are typically developed in a continuous belt,
but south of the Potomac river they have not been thoroughly studied and
their distribution is not so well known.

The Patuxent period of sedimentation was ushered in by the secaward
tilting of a previously basc-leveled land surface. The proximity of this
formation to the ancient shore line is indicated in the arkosic character
of its rocks. The distribution of the arkosic materials seems to depen
on that of the felspathic rocks for it increascs in their vicinity and de-
creases rapidly, or is altogether absent, when removed from their presence.
The cross-bedded character of the strata shows that deposition was rapid.
A pronounced clevation closed the Patuxent epoch, revived the rivers and
brought about a large amount of erosion. This was followed by a subsi-
dence in which many of the stream valleys but lately eroded were occupied
for a portion of their courses by bogs and swamps. In these marshes
there was an extensive development of plant life, and in them also were
deposited those iron ores which are now considered of such great value.
The presence of Teredo-boared wood indicates that there was some con-
nection between these swamps and the ocean. After the deposition of the
Arundel formation the region was again elevated, croded and finally
depressed to reecive the sediment of the Patapsco sea. This formation
was apparently deposited in quieter and deeper waters than the one just
preceding. A period of elevation and crosion sueceeded the deposition
of the Patapsco formation and this in turn was followed by another period
of subsidence during which the Raritan formation of clay and sand was

deposited.
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The Upper Cretaccous beds lie unconformably on the deposits of the
Potomac group and consist of sand, greensand, marl, and clay. They
extend in a broad belt from Atlantic Highlands, New Jersey, to the
Potomac river in Maryland. These beds are more extensively developed
throughout the northern portion of the area than in Maryland. In this
region, not only are the beds thinner and of less areal extent than farther
north, but they also consist of fewer formations than in New Jersey.
Only the two basal formations, the Matawan and Monmouth, are present,
the Rancocas formation terminating near the Delaware border, exeept
for a doubtful locality on the Severn River in Anne Arundel eounty.

REOCENE,

Above the Cretaceons deposits and lying unconformably on them occur
two formations belonging to the ITocene. MThese are known as the
Aquia and Nanjemoy. They consist of sand, greensand, marl, and clay
and are part of a more extensive belt which extends from Delaware south-
ward through Virginia, while an older deposit of the Eocene oceurs in
the vieinity of Shark river, New Jersey. Throughout the northern por-
tion of this distribution, they are covered to a great extent by younger
formations, hut farther south in Maryland, particularly in the region
between Washington and Aunnapolis, this covering has been removed,
leaving the Kocene beds exposed on the surface.

MIOCENE.

Above the Focene deposits and unconformably resting on them occur
the formations which have been assigned to the Miocene. 'They are three
in number and have been named the Calvert, Choptank, and St. Mary’s.
These consist of sand, marl, and clay, and togethier represent the Chesa-
peake group in this State. The Miocene deposits of this region form part
of a more extensive series, extending from Massachusetts to Mexico. It
is not known whether the Miocene beds ever extended across this area in
an unbroken belt, but it is certain that erosion has destroyed much of
their former continuity and that they are now found in disconnected
areas.
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The most northerly outcrop of the Chesapeake beds is in the cliffs at
Gay Head on Marthas Vineyard, but material which has been provision-
ally referred to the Miocene has been dredged on Georges Bank and the
Banks of Newfoundland, indicating, if the reference is correct, the exten-
sion of the Chesapeake group indefinitely northward beneath the sea.

Immecdiately south of Marthas Vineyard, the Chesapcake beds dis-
appear, but come to the surface again in New Jersey where they are well-
developed in the hills south of Matawan, as well as along the coast near
Asbury Park. From here, the Chesapeake beds extend southwest aeross
New Jersey to Delaware. In this region, two well defined formations are
recognized. The lower one is a greenish-blue sandy clay abundantly sup-
plied with fossils and is seen only in the southern portion of the State,
near Shiloh and Salem. The upper formation consists of a fine quartz
sand and clay grading upward into gravel. This member covers the
greater portion of the district. In deep well borings at Atlantic City, a
third and higher formation has been discovered. In Delaware the surface
of the country is covered with sands and gravels to such an extent as to
efleetually obscure the underlying formations. The meager information
which has been secured from artesian wells and natural sections leaves
little room to doubt, however, that the central and southern portions of
the State are underlain by the Miocene.

The Chesapeake beds enter Maryland from Delawarc a few miles south
of Galena, and after crossing the State from northeast to southwest con-
tinue on into Virginia. Of all the districts of the Middle Atlantic slope,
southern Maryland is most favorably situated for the study of the
Chesapeake group. Within the borders of this district many of the
features which are wanting in other regions find their full development.
The materials composing the various formations, which are sandy or ob-
scured in other regions, here differentiate into three well defined forma-
tions, and the organic remains, so helpful to the geologist, while seldor:
seen to the north and only oecasionally met with to the south, are in
Maryland found in great beds many fect in thickness and miles in extent.
In other localities, the exploration of these deposits is greatly retarded
through lack of exposures, but in this State we have, in the famous Calvert
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Cliffs. an almost unbroken exposure for more than 30 miles. Southern
Maryland is, therefore, the type locality for the study of the Miocene beds
_of the Middle Atlantic slope.

In Virginia again, as in Delaware, the underlying formations have been
so concealed by younger gravkl and sand deposits that they are seldom
met with except along river courses. The best of these sections occurs
at the famous Nomini cliffs on the Potomac river. These cliffs, although
only two miles in extent, surpass the Calvert cliffs in height and yield the
most comprechensive Miocene section in Virginia. Other sections are to
be found along the Rappahannock, Pamunkey, York, and James rivers.
Bellfield and Yorktown on the York river and Kings Mill on the James
are classic fossiliferous localities. In North and South Carolina the state
of knowledge regarding the Miocene is very imperfect. The beds are
much obsecured by a cover of younger material and appear to occupy
isolated arecas throughout the Coastal Plain, although they may be found
to be more continuous than at first supposed. On reaching Florida the
Miocene beds again become more prominent and continue so around the
southern borders of the Gulf States, through Georgia, Alabama, Missis-
sippi, Louisiana, and Texas into Mexico.

PLIOCENE (7).

Above the Miocene and unconformable with it occurs the Lafayette
formation. This is a mantle of poorly-sorted gravel, sand, and loam
which covers the highest divides of the Coastal Plain and stretches as a
broad belt from the Delaware river southward into Mexico. By far the
most extensive area north of the Potomac river occurs between Washing-
ton and Charlotte Hall. North of this region the Lafayette is repre-
sented only in small isolated outliers, while south of the Potomac the for-
mation, although not so thoroughly known, has suffered less from erosion
and is belicved to occupy a broad belt along the inner margin of the
Coastal Plain.

On account of the lack of sufficient palcontological material, the age of
the Lafayette formation is somewhat in doubt, but it has been provision-
ally referred to the Pliocene until sufficient evidence is at hand to precisely
fix its stratigraphic position.
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‘ PLEISTOCENE.

Above and unconformable on the Lafayette beds occurs a series of
gravels, sands, clays, and peats of Pleistocene age belonging to the
Columbia group. The Pleistocene deposits of this region formn part of a
more extensive series which are developed ‘over the entire Coastal Plain
from Raritan Bay southward to Florida and around the border of the
Gulf of Mexico. With the exception of Recent sediments they are the
youngest of the Coastal Plain deposits and lie on the surface, constituting
the mantle which has just been referred to as concealing the Miocene and
older deposits from view. The Columbia deposits wherever found along
the Atlantic border are developed in more or less clearly defined terraces,
and consist of clay, sand, gravel, or ice-borne blocks, either separately
deposited or intermixed in indefinite proportions. The gravels and
coarse sands frequently are very much decomposed showing that they have
been resting for a considerable period in the position in which they are
now found. As a whole, these deposits have suffered but little from
erosion, although locally in the immediate proximity of streams, the older
members of the group have been croded more extensively than the
younger. Up to the present time the Columbia has received more atten-
tion in Maryland, Delaware, New Jersey, and the District of Columbia
than clsewhere although it is now being carefully studied in New York
State.

RECENT.

The materials which constitute the Recent deposits counsist of mud, clay,
sand, and gravel. These are deposited in deltas, flood-plains, beaches, and
dunes, in the valleys of rivers and estuaries, and along the ocean frout.
The deposition of deltas and flood-plains has been going rapidly forward,
at least since the settlement of the country by Europeans.  Men are still
living who distinetly remember when vessels moored and discharged their
cargoes in places which are now occupied by extensive marshes or meadow
lands. Such rapid deposition would doubtless not have occurred if the
forests had becen allowed to remain undisturbed, but the advent of the
white man and the consequent destruction of the forests exposed the loose
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material, which forms the Coastal Plain, to the erosive effect of rain and
rivers, with the result that rapid denudation toward the head waters of
streams has been aecompanied by rapid sedimentation along the lower
courses. Many of the larger estuaries, such as the Patuxent, Rappahan-
nock, and Pamunkey rivers, have been filled in toward their heads while
shorter estnaries have been transformed to meandering streams. The
most extensive beach and dune deposits are found along the ocean front
extending from Sandy ook southward. Here the waves have thrown up
* extensive barrier beaches, and the winds have eaught up the loose sand and
piled it into dunes. Behind this obstruction, which separates the ocean
waters from an ancient irregular shore line, lie many brackish-water
lagoons which have alrcady been considerably filled up with mud sinee
they were separated from: the ocean. Chief among these may be men-
tioned Baruegat Bay in New Jersey, Chincoteague Bay in Maryland, and
Albemarte and Pamlieo sonnds iri North Carolina.

P11ys1iograPIIY OF THE REGION.

The Atlantic Coastal Plain is the name applied to a low and partially
submerged surfaee of varying width extending from Cape Cod southward
through Florida and confined between the Piedmont Plateau on the west
and the margin of the continental shelf on the east. The line of demarca-
tion between the Coastal Plain and the Piedmont Plateau is sinuous and
ill-defined, for the one passes over into the other oftentimes with insensi-
ble topographie gradations, although the origin of the two distriets is quite
different. A eonvenient, although somewhat arbitrary, boundary between
the two regions is furnished in Maryland by the Baltimore and Ohio
Railroad in its extension from Wilmington southwestward through
Baltimore to Washington. The castern limit of the Coastal Plain is at
the edge of the continental shelf. In this region it is located about 100
miles off shore at a depth of 100 fathoms beneath the surface of the
Atlantie Ocean. It is in reality the submerged border of the North
Ameriean eontinent which extends out with a gently-sloping surface to
the 100-fathom line. At this point there is a rapid descent to a depth of
3,000 fathoms where the continental rise gives place to the oceanie abyss.
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The Coastal Plain, therefore, falls naturally into two divisions, an
emerged or subaerial division and a submerged or submarine division.
The seashore is the boundary line whieh separates them. This line of
demareation, although apparently fixed, is in reality very ehangeable, for
during the geologic ages whieh are past it has migrated back and forth
aeross the Coastal Plain, at one time oeeupying a position well over on the
Piedmont Plateau, and at another far out to sea. At the present time
there is reason to believe that the shore line is eneroaching on the land
by the slow subsidenee of the latter, but a few generations of men is too
short a period in whieh to measure this ehange.

The subaerial division is itself separable in Maryland into the Eastern
Shore and the Western Shore. These terms, although first introdueed to
designate the land masses on either side of Chesapeake Bay, are in reality
expressive of a fundamental eontrast in the topography of the Coastal
Plain. This differenee gives rise to an Eastern Shore and a Western
Shore type of topography. Chesapeake Bay and Elk river separate the
two. But fragments of the Fastern Shore type are found along the
margin of the Western Shore at intervals as far south as Herring Bay,
and again from Point Lookout northwestward along the margin of the
Potomae river. On the other hand an outlier of the Western Shore type
of topography is found at Grays Hill in Ceeil eounty at the northern
margin of the Eastern Shore. The Hastern Shore type of topography
eonsists of a flat, low and almost featureless plain, while the Western
Shore is a rolling upland, attaining four times the elevation of the
former and resembling the topography of the Piedmont Plateau mueh
more than that of the typiecal Eastern Shore. It will be seen later that
these two topographie types, which at onee strike the eye of the physiog-
rapher as being distinetive features, are in reality not as simple as they
first appear, but are built up of a complex system of terraees disseeted by
drainage lines.

The Coastal Plain of Maryland, with which most of the State of Dela-
ware is naturally ineluded, is separated from that of New Jersey by the
Delaware river and Delaware Bay, and from that of Virginia by the
Potomae river, but these drainage ways afford no barriers to the Coastal
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Fic. 1.—VIEW SHOWING SECTION IN SUNDERLAND FORMATION, NEAR BATTLE CREEK,
CALVERT COUNTY.

F1G. 2.—VIEW SHOWING SECTION IN SUNDERLAND FORMATION AT RIDGE, ST. MARY’S
COUNTY.
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Plain topography, for the same types with their systems of terraces exist
as well in New Jersey and Virginia as in Maryland.

The Chesapeake Bay whieh runs the length of the Coastal Plain in
Maryland drains both shores. From the Western Shore it reeeives a
number of large tributaries among whieh may be mentioned the Susque-
hanna, Bush, Gunpowder, Patapseo, Magothy, Severn, South, Patuxent,
and Potomae rivers. On the Eastern Shore its prineipal tributaries eon-
sist of Bohemia Creek, Sassafras, Chester, Choptank, Nantieoke, Wieom-
ieo, and Poeomoke rivers. These streams, which are in the proeess of
developing a dendritie type of drainage, have eut far deeper ehannels on
the Western than on the Eastern Shore. If attention is now turned to
the eharaeter of the shore line, it will be seen that along Chesapeake Bay
it is extremely broken and sinuous. A straight shore line is the exeeption
and in only omne plaee, from Herring Bay southward to Drum Point, does
it beeome a prominent feature. These two elasses of shore eorrespond to
two types of eoast. Where the shore is sinuous and broken, it is found
that the eoast is low or marshy, but where the shore line is straight, as
from Herring Bay southward to Drum Point, the eoast is high and
rugged as in the famous Calvert Cliffs whieh rise to a height of 100 feet
or more above the Bay (Plate XXI, Fig. 1). The shore of the Atlantie
oeean is composed of a long line of barrier beaehes whieh have been
thrown up by the waves and enelose behind them lagoons flushed by
streams whieh drain the seaward slope of the Eastern Shore. Of these
Chineoteague Bay is the most important.

It was stated in the early part of this ehapter that the topography of
the Coastal Plain was in reality more complex than at first appeared
and that this eomplexity was due to a system of terraees out of whieh
the region is eonstructed. The subaerial division of the Coastal Plain
eontains four distinet sets of terraces and part of another, while the
submarine division is eomposed of one set only. This makes for the
Coastal Plain as a whole a group of five sets of terraees. In deseribing
these terraees the author will antieipate somewhat, material whieh will be
diseussed later in this monograph and will, for the sake of simplieity,
designate these terraees, beginning with the highest, by the names of
Lafayette, Sunderland, Wieomieo, Talbot, and Reeent. The first four

b
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and part of the fifth fall within the subaerial division and the last one
principally within the submarine division of the' Coastal Plain. All
five of the subaerial terraces are found on the Western Shore while only
three of them oceur on the Eastern Shore. These terraces wrap about
each other in concentric arrangement and are developed one above the
other in order of their age, the oldest standing topographieally highest.
(Fig. 2.)

LAFAYETTE
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Fig, 2.—Diagram showing ideal arrangement of the various terrace forma-
tions in the Maryland Coastal Plain.

THE LAFAYETTE TERRACE.—The highest of the five terraces is known
as the Lafayette. It is best developed in Maryland in the region between
the Anacostia, Potomae, and Patuxent rivers as far south as Charlotte
Hall (Plate I). In other words, it caps the divide at the northern
extension of the St. Mary’s-Prince George’s peninsula. The surface of
this terrace varies considerably in appearance according to position. In
the interior where it is removed from the influence of streams, it is as
flat snd featureless as any portion of the Eastern Shore (Plate IV,
Fig. 2), but along the margins where it has been dissected by waterways,
they have transformed it into a gently-rolling country and its true
charaeter is obseured. Besides this extensive development of the La-
fayette terrace, there are remnants of the same surface distributed along
the border of the Piedmont Plateau from the Potomac river northeast-
ward through Delaware and Pennsylvania to within a few miles of the
Delaware river. There are also a few outliers scattered about the Coastal
Plain. Most of thesc are grouped about the southern margin of the
principal arca in the vicinity of Charlotte Hall, a few more are found
in Anne Arundel county, and a very important cluster occurs on the high
hills of Elk Neck in Cecil county. Beyoud the Potomac river this
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Lafayette terrace continues on through Virginia southward to Florida
and Texas and over into Mexico. It is believed that at one time these
seattered remnants of the Lafayette terrace were united in a eontinuous
whole and that their present isolated condition had been brought about
by erosion. If we assume that they were onee eontinuous, it will be a
simple matter to establish the present attitude of this terrace, notwith-
standing the faet that its surface has been somewhat modified by erosion.
In the Piedmont region of Ceeil county the surface of the Lafayette
terrace lies at an altitude of 470 feet. This rises to about 500 feet in
the vieinity of Lochraven and Catonsville near Baltimore, to 486 feet at
Burtonsville, Montgomery county, and sinks again to 400 feet in the
District 6t Columbia. Thus we see over a distance of about 80 miles
that the surface of the Lafayette is extremely uniform. This direetion
is, however, from northeast to southwest and approximately parallel to
the trend of the modern eoast line. If, now, the altitude of the Lafayette
terrace is examined at right angles to this dircetion, namely, toward the
southeast, it is found that on the high hills of Elk Neck, in Ceeil eounty,
the surface of the Lafayette terrace lies at about 300 feet, making a
slope in Cecil county of 170 feet in a distance of about 10 miles. At
Charlotte Hall, St. Mary’s county, the surface lies at a height of about
200 feet, making a slope between the District of Columbia and Charlotte
Hall of 200 feet in a distanee of about 36 miles. It will thus be seen
that the surface of the Lafayette terrace has a slight ineline toward the
southeast or, in other words, slopes gently toward the ocean.’

¢It will be explained later that this slope represents the gradual descent of
a sub-aqueous terrace away from the shore-line out into deeper water. The
elevation at the foot of the scarp represents the altitude of the old shore-line
which, on account of oscillations in level, has been somewhat thrown out of a
horizontal position since its formation, so that it lies at slightly different alti-
tudes in various portions of the Coastal Plain. The altitudes recorded away
from the scarp-line, show the elevations of the sub-aqueous terrace at varying
distances from the ancient shore. These also have been slightly thrown out
of their original position so that their former level attitude is now somewhat
obscured. In any one locality, however, the various terraces, from the oldest
to the youngest, occupy distinct levels and are usually separated by pro-
nounced searps, but when distant localities are compared the shore-line of one
beneh may be found to correspond in altitude at the present time with the

deeper water phases of the next higher bench. This discrepancy, as has just
been said, is due to tilting, and will be fully explained below.
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THE SUNDERLAND TERRACE.—Beneath the Lafayette terrace, wrapping
around it like a border, extending up into its body in rcentrants, and
separated from it by a scarp-line is the next oldest terrace designated
above as the Sunderland terrace (Plate 1). This surface has its greatest
development in southern Maryland on the Calvert and St. Mary’s penin-

sulas. Tt covers the high divides of Calvert county and occupies a similar

position in Charles and St. Mary’s counties south of the Lafayette terrace.
Beyond this region it is represented by outlicrs many of which are several
square miles in extent. They arc principally found in the District of
Coluinbia and in the region between the Patuxent and Patapsco rivers.
There are also a number of smaller outlying areas which are distributed
along the western border of the Coastal Plain between Baltimore and
Elkton. South of the Potomac the Sunderland terrace continucs on into
Virginia, but as it has not been mapped in regions beyond Fredcricksburg,
it is not known how far it extends in this direction. Northward, beyond
Maryland, this terrace has been found in Delaware and Pennsylvania and
is extensively developed in southern New Jersey.

The same may be said of the surface of this terrace as was said in
refercnce to that of the Lafayette, viz., that, in the interior where it has
not been modified by erosion, it still retains its original plain, featureless
character, but along the borders where it has been attacked by the head
waters of streams, it has been transformed into a rolling country (Plate
1V, Fig. 1, and Plate X). The relation betwcen the surfaces of the
Sunderland and Lafayette terraces becomes manifest whenever the two
occur in juxtaposition. Then it is seen that they occupy different levels,
that of the Lafayette always being higher than that of the Sunderland.
This diffcrence in altitude is sometimes slight, at other times it forms
a prominent feature in the topography. Usually the descent from one to
the other is gentle, but occasionally it is accomplished by means of an
abrupt drop resembling in appearance a sea-cliff which has been modified
by subaerial erosion.

Throughout the region as a whole there are distinguishable two types
of descent between the Lafayette and Sunderland terraces. The one type
is confined to the Piedmont Plateau, the other to the Coastal Plain, or,
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in other words, when the Lafayette terrace lies on the Piedmont Platcau
and the Sunderland terrace rests beneath it either on the Piedmont or
close to its eastern border, the descent from one surface to the other is
usually considerable and is accomplished by a topography of low, subdued,
rolling hills which pass down from the Lafayette terrace, occupying
successively lower and lower areas until they finally blend with the surface
of the Sunderland terrace beneath. This type of descent may be secn
along the eastern border of the Piedmont Plateau between Cecil county
and the District of Columbia (Fig. 3). The other type of descent is
found wherever the Lafayette and Sunderland terraces approach each

LAFAYETTE FORMATION LAFAYETTE-SUNDERLAND SCARP
T PIEDMONT TYPE

SUNDERLAND FORMATION

R

F1g. 3.-—Diagram showing Piedmont type of Lafayette-Sunderland scarp.

other in the Coastal Plain. It may be described, as suggested above, as
being an abrupt descent resembling a wave-cut cliff which has since been
modified to a greater or less extent by subaerial erosion (Fig. 4). The
best localities for observing this type are to be found at Congress Heights
just south of the Anacostia river in the District of Columbia, near Bryan-
town and Aquasco in Charles county, and at Charlotte Hall in St. Mary’s
county (Plate V). Two only of these localities need be described. At
Congress Heights the surface of the Lafayette terrace lies at an elevation
of about 260 feet and that of the Sunderland at about 200. The descent
between the two is accomplished by a cliff which is one of the most con-
spicuous features of the region and, in fact, of the entire Coastal Plain.
There, as one stands on the unbroken Sunderland surface facing east, he
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may trace the eliff line separating him from the Lafayctte terrace as it
rises and runs off to the south until it is hidden from view by forest
growth. At Charlotte Hall and along the road running from Newmarket
west over into Charles county, the surfaces of the Lafayette and Sunder-
land terraces approach very much nearer together. At this place the
Lafayette surface lics at an clevation of about 200 feet while the Sunder-
land rests about 20 feet below it at 180 feet. The descent from one to
the other is here marked by a low cliff which does not exceed 20 fect in
altitude, but while this topographic feature is less prominent than that
at Congress Heights, it nevertheless partakes of the same character. Near

LAFAYETTE FORMATION

Fig. 4—Diagram showing Coastal Plain type of Lafayette-Sunderland scarp.

Charlotte Hall there are a number of outliers of the Lafayette terrace
which are separated from the Sunderland terrace beneath by scarps of a
similar character to the one just described, although one or two of them
blend with the surface bencath without a well pronounced scarp-line.

It secms probable that the Sunderland surface was at one time con-
tinuous and embraced all of its outliers. If such was the case, it will be
possible to establish the present attitude of the terrace. In the vicinity of
Elkton and on Elk Neck, the surface of the Sunderland terrace lies at
an clevation of about 180 feet where it abuts against higher land and
slopes .down toward the surrounding waters to about 90 feet. In the
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vicinity of Baltimore the surface slopes from about 200 or 220 feet to
about 90 feet. In the Distriet of Columbia the surface of the Sunder-
land terrace also lies at about 200 or 220 feet and slopes gently toward
the surrounding waters until it sinks to about 100 feet. In the vicinity
of Charlotte Hall about 30 miles distant the surface of the Sunderland
terraee, where it embraces the Lafayette, lies at an altitude of about 180
feet and slopes gently down to the southern point of St. Mary’s county
where near Ridge, it occupies a position of about 60 feet. In Calvert
county the surface of the Sunderland terrace lies at an altitude of 160
feet and slopes toward the surrounding waters until it sinks to an altitude
of about 95 feet. When these figures are compared, it will be seen that
the Sunderland terrace slopes away very gradually toward the water in all
directions from the cnclosed areas of higher land. Along the margin
of the Piedmont Plateau, that is to say, in a direction nearly parallel to
the present shore, the difference in elevation of this surface is inconsider-
able and in this respect resembles the attitude of the Lafayette terrace
throughout the same area. But in all directions away from the Piedmont
Plateaun and from the base of the Lafayette terrace, the Sunderland
surface slopes away gradually and regularly toward either the Atlantic
oeean, or the Chesapeake Bay and its estuaries. As the Sunderland
terrace is practically unrepresented on the Eastern Shore, no obscrvations
are to be secured in that region.

THE Wicomico TERRACE.—Beneath the Sunderland terrace oecurs the
Wicomico terrace (Plate I). It bears the samie relation to the Sunder-
land as the Sunderland docs to the Lafayette terrace in that it wraps
about it as a border, extends up into ancient stream valleys which enter
it, and is separated from it by a well defined line of low cliffs which, with
the exception of the scarp-line cut by the present sea, constitute the most
continuons topographic feature of the entire Maryland Coastal Plain.
The distribution of the Wicomico terraee is somewhat different from
that of the Sunderland and Lafayette terraces. It will be remembered
that the Lafayette and Sunderland terraces found their greatest develop-
ment on the divides of the peninsulas of southern Maryland. The
Wicomico terrace, on the eontrary, is best developed on the Eastern Shore.




72 THE PLIOCENE AND PLEISTOCENE DEPOSITS OF MARYLAND

In that region it forms the flat featureless surface of the divide, extending
from Elkton southward to Salisbury and beyond, and from Chesapcake
Bay on the west, well over into Delaware toward the Atlantic ocean on the
east. From its surface, streams drain into both the Chesapeake Bay and
the Atlantic. Outliers of this terrace are also found in great abundance
along the Western Shore from Elkton down to Point Lookout. The
greatest development on this side of the Bay is found in the region south
of Baltimore bctween the Patapsco and South rivers. Beyond this terri-
tory, in the basins of the Patuxent and Potomac, the Wicomico terrace
is devcloped in a manner strikingly different from that of the Eastern
Shore. On the Eastern Shore, as was indicated above, it occupics a
wide and almost unbroken territory. On the Western Shore it is
developed as a narrow fringe around the base of the Sunderland terrace
and as a floor of the ancient drainage valleys which penetrate the body
of the Sunderland terrace as reentrants. It was stated above that the
scarp-line which separated the surface of the Sunderland from that of the
Wicomico was one of the most persistent features in the Maryland
Coastal Plain. This scarp-line has exactly the appearance of a wave-cut
cliff which has been softened by subaerial erosion and rescmbles in every
detail the similar topographic feature which was described as scparating
the Lafayette and Sunderland surfaces (Plate VIII and Plate IX,
Fig. 1). There are a large number of localities where this topographic
feature may be seen, particularly throughout Calvert and St. Mary’s
counties. Perhaps four of the best and most accessible localities are
located at Ridge in southern St. Mary’s county not far from Point
Lookout; at the turn of the road a mile and a half south of Frazier necar
the 80-foot contour in Calvert county; in the region to the north of
Maryland Point in Charles county; and along the Principio road 13
miles northeast of Perryville, Cecil county. Where the Wicomico terrace
approaches drainage ways, it loses its typical plain character and is
modified by erosion into a rolling country, but back in the interior where
streams have not yet encroached, the surface is typically a plain. In
this particular it again resembles the Lafayette and Sunderland terraces.
On the whole it has suffered less from erosion than those which lie above
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F16. 1—VIEW SHOWING SCARP CUT BY RECENT WAVES AGAMNST MIOCENE AND SUNDERLAND
DEPOSITS, COVE POINT, CALVERT COUNTY,

Fi16. 2.—vIEW SHOWING SECTION OF SUNDERLAND FORMATION, NEAR ST. MARY'S CITY,
ST. MARY’S COUNTY.
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it. If we reconstruct the Wicomico terrace by uniting its outliers, we
find that the surface of the Wicomico terrace stands at an elevation of
90 feet in Cecil county where it abuts against the Sunderland terrace,
and slopes toward the surrounding water to an elevation of 60 feet. In
the vicinity of Baltimore and Washington and in the peninsula of Calvert
county, between the Patuxent river and Chesapeake Bay the same
general relation holds; but in St. Mary’s county, between the Patuxent
and Potomae rivers, the altitude of the Wicomico terrace, where it abuts
against the Sunderland, gradually sinks until at Ridge the surface of the
Wicomico terrace stands at 45 feet and slopes away gradually to Point
Lookout until it ends at an elevation of about 15 feet. On the Eastern
Shore the surface of'the Wicomico terrace stands at an elevation of about
90 or 100 fect in the vicinity of Elkton, and at about 45 feet in its
extrcme southern development a few miles south of Salisbury. It will
thus be seen that the surface of the Wicomico terrace maintains a
remarkable uniformity throughout its entire extent along the border of
the Piedmont Plateau but slopes gently toward the surrounding waters.

Tue Tarpor TERRACE.—DBeneath the Wicomico terrace occurs the
Talbot terracc. This is the lowest of the subaerial terraces (Plate I).
Like the other members of the series, it wraps about them like a border,
penetrates them as reentrants and is separated from those above it by a
scarp-linc (Plate XII). ,This scarp-line, although usually lower and
less conspicious than that separating the Sunderland and Wicomico
terraces, is easily discerned and is very continuous throughout the region.
It may be typically seen at a large number of localities, among which the
following may be mentioned. Along the borders of Elk river in Cecil
county ; on the road between Chestertown and Rock Hall in Kent county;
in the vicinity of Brooklyn and Annapolis in Anne Arundel county;
along the lower reaches of the Patuxent river in Calvert and St. Mary’s
counties, and about the flanks of Capitol Hill in Washington City (Plate
XIIT).

This scarp has an average height of about 10 feet although it at times
disappears altogether and at other times may rise to 20 or 30 feet in
altitude. The distribution of the Talbot terrace is similar to that of the
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Wicomico in that it finds its greatest development on the Eastern Shore,
although large areas are present along the western margin of Chesapeake
Bay from Elkton southward to Point Lookout and in the valleys of all the
estuarics. It has suffered less from erosion than any of the other terraees
and maintains everywhere its original surface almost unmodified by the
present drainage. The altitude of the Talbot terrace, where it abuts
against higher land lies very constantly at an elevation of about 40 or 45
feet, except in southern St. Mary’s county where it gradually declines
southeastward to about 10 feet ncar Point Lookout. From its landward
margin the Talbot terrace slopes away toward the surrounding waters
wherc it either terminates in a wave-cut cliff (Plate XIV, and Plate XIX,
Fig. 1) or else passcs down to tide level and merges with the modern
beach (Plate XV, Fig. 1).

Tur RECENT TERRACE.—Below the Talbot terrace is situated the
Recent terrace. This is principally confined to the submarine division of
the Coastal Plain and is eo-extensive with it. It everywhere wraps
around the subaerial division as a border and also extends up the river
valleys as a terrace formed by recent streams. Within the Bay and its
estuaries it is identical with the wave-cut and wave-built terraee, while
along the Atlantic shore it forms the modern beach and extends out under
the oeean as the surface of the continental shelf. Thus it appears that
the Recent terrace is principally submarine. What is known regarding
the eontour of its surface has been determined by soundings. In this
way it has been shown that the surfaece of this terrace is a plain, sloping
gently from tide to a depth of 600 fcet at a distance of about 100 miles
off shore. The Reeent terrace is usually separated from the Talbot
terrace by a well-defined scarp, although at times the surfaces blend
without any marked interruption. (Plate XIX, Fig. 2, and Plate XXII,
Fig. 1).

Up to this point in the discussion the various terraces have been
described as wrapping around each other in coneentric borders. This
arrangement, although the typieal onc, is not always present, for fre-
quently one or more terraces may be wanting in places where they would
normally be expected to be present. At sueh times the descent from the
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surface of the highest to that of the lowest terrace present, amounts to the
vertieal distance whieh would normally be expeeted to exist between
them (Fig. 5). The best example of this is to be seen along the Bay
shore between Chesapeake Beaeh southward to Drum Point. Through-
out most of this distance the surface of th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>